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ForEWORD. 
One of the conclusions deduced from studies on the nature of an immunity 
acquired by dogs and cats after experimental infection with the Nematode 
Strongyloides stercoralis implicated the specificity of the parasite for the hosts 
as having crucial significance (Sandground, 1928). 
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In order to determine whether the association of an abnormal, or, at least, 
unusual, parasite with the development of immunity in the helminthiases is 
a singular feature peculiar to the case studied, or whether the association of 
the condition with an irregularity in the specificity relation between the 
parasite and host is more general in its occurrence, it was decided to make a 
comprehensive enquiry into this relationship in those cases in which immunity 
phenomena have been recorded. An effort was accordingly made to collect 
as large as possible a number of references to host resistance in helminth, and 
incidentally also other metazoan infections, and to analyse these on the basis 
indicated above. 

Although the number of reports that come up for consideration is not large, 
it soon became apparent that the undertaking would be more involved and 
difficult than was anticipated. In the first place, in attempting to appraise 
the validity of the conclusions drawn by the various investigators, it is 
necessary to examine critically the data upon which the claims for the demon- 
stration of resistance are based. Then the question of what are the implications 
of the term “normal host” presents itself. The answer to this question involved | 
consideration of such ancillary matters as the fundamental nature of specificity, | 
the extent of its occurrence among different groups of parasites, and theoretic- 
ally, the genesis of specificity. Finally, in order to secure standards, or com- 
parative criteria, of normality in the host-parasite association, it was necessary 
to marshal and cautiously examine such information as is available from { 
various sources on the general biology of the particular parasite under in- ( 
vestigation in different species of hosts. 

The present paper has emanated from the enquiry, but can lay no claim 
to completeness since the subject is often treated only incidentally in a widely 
scattered literature. The conclusions elicited appear to have some significance, 
particularly in certain cases. However, it is fully realised that the validity of 
these conclusions is dependent, first, upon the accuracy of the observations 
on which the claims for the occurrence of the immunity in the host are estab- 
lished, and, second, upon the reliability of the information that has been used 
in deciding the status of the specific relationship between host and parasite. 


I. IntRopvction. 
On specificity among Helminths ; its origin, nature and extent. 

In seeking to elucidate the life-cycle of various parasitic worms by the 
experimental method, a major problem often presented to the student is to 
discover the appropriate host in which the infectious egg or larva will attain 
maturity. For some parasites a number of animals, not necessarily, but 
usually, bearing a fairly close genetic kinship with each other, are found to 
serve as suitable hosts. With other parasites, the latitude in the choice of 
hosts is more restricted, and not infrequently the conditions favourable for 
development to maturity are found only in a single species of host. Such 
parasites, as contrasted with less fastidious ones, are said to be highly specific. 
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Occasionally it is found that the infectious stage of a parasite, after introduction 
to a particular species of host, will proceed to develop even to the extent of 
attaining sexual maturity, but at a certain point in the career development 
is arrested, or the normal establishment of the parasite is inhibited, and the 
parasite is subsequently eliminated from the host. The antagonistic forces, 
often referred to as constituting the resistance powers of the host, which 
operate in bringing about this result, are probably as manifold as they are 
difficult to reveal experimentally. In most instances, it is probable that the 
forces of resistance are of natural occurrence (7.e. not an induced protective 
reaction) and constitute merely the conditions of an environment which is 
abnormal, and hence unfavourable, for the existence of the parasite. 

The degree of host specificity possessed by parasites is indicated by their 
host distribution. This, in many instances, is so well defined that systematic 
helminthology may afford valuable clues as to the phylogenetic relationships 
of the hosts in which the parasites are found. To go deeply into the subject 
of the origin of specificity would take us far afield, and involve us in discussions 
of the evolution of parasites and their association with particular groups of 
hosts, an undertaking that would necessarily be highly speculative. It is 
however desirable, for the better understanding of the problems with which 
we are concerned, to consider briefly the main factors that probably underly 
the restriction of certain parasites to particular hosts. The subject has been 
treated at length by Chandler (1923), but we shall do no more here than 
consider some of the more suggestive facts that apply to our immediate 
problem. 

There can be no doubt but that rigid host specificity as an attribute of 
parasites has not arisen de novo but is the product of slow evolutionary 
changes. Primitive parasites, such as the Pseudophyllidea among the Cestodes, 
show a low order of specificity, while the more highly specialised forms, such 
as the Cyclophyllidea, are much more restricted in their choice of suitable hosts. 
In parasitism, as in other phases of life, successful adaptation to the environ- 
ment is the keynote to success. Not all, of a number of possible hosts, provide 
equally favourable conditions for the existence of the parasite; the parasite 
tends to become better adapted, and to flourish best, in the host that provides 
the most favourable ambient. This host usually happens to be the one with 
which it is brought into most frequent association. With increasing adaptation 
to one species of host, the potentiality of thriving in a multiplicity of divergent 
hosts is reduced. The final consummation of this process is attained when the 
parasite has become so delicately adjusted that it can live only in a single 
species of host. Sometimes, instead of becoming confined to a single host 
species, two or more of the original array of host species happen to provide 
especially favourable conditions, and there consequently develop, in associa- 
tion with each of these species, physiological strains or races of the parasite 
which cannot be distinguished by any constant morphological criteria. These 
host-restricted strains are incipient species which will come to be recognised 
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as such when, after prolonged isolation, somatic modifications of differential 
value make their appearance. Examples of such physiological races are 
numerous. For illustration, mention may be made of Fasciolopsis buski in 
man and pig, Hymenolepis nana in man and certain Rodents, Ascaris lum- © 
bricoides in man and pig, and a number of species of plant parasitic Nematodes 
of the genera Tylenchus, Aphelenchus, etc., which, while retaining morpho- 
logical identity, have become differentiated into strains, each biologically 
adapted, and peculiar to certain species of host plants (cf. Goodey, 1928). The 
process of adaptation is undoubtedly a slow one and the issue can only be 
discerned after the lapse of innumerable generations. Although the occurrence 
of favourable mutations may at times account for the origin of physiological 
species, it seems more likely from the evidence available that the process 
depends upon the inheritance of characteristics acquired as a result of direct 
adaptation to the environment acting in conjunction with the process of 
selection. 

A characteristic and specific parasite fauna may also arise in consequence 
of a geographic or social isolation of a group of related hosts, as is attested by 
such studies as that of Baylis (1924) on the host distribution of Nematodes, 
and by Johnston (1914) on the Trematodes and Cestodes of Australia, but in 
the numerous cases where segregation, followed by a parallel evolution of the 
host and its parasites, can be ruled out as the principal factor operating in 
the production of specificity, the order of adaptability, intrinsic in the con- 
stitution of the parasite, must be regarded as underlying the origin of specificity. 
Such a consideration, at any rate, must be postulated to account for the 
anomalies that are to be observed when the host distribution of species of 
different genera, whose life-cycle is such that the promiscuous introduction 
into a wide range of hosts can occur, are compared. (Contrast the host dis- 
tribution of species of the Nematode genera Capillaria and Physaloptera with 
Murshidia, Setaria, etc.) 

Because a parasite has evolved to the point of being highly host-specific, 
it would be wrong, however, to assume that its host relationship has been 
finally and irreversibly established, for the very factors that led to its becoming 
restricted to a solitary favourable host may come into action again and result 
in the parasite acquiring a secondary host association. The case of Ascaris 
lumbricoides suum will be presented later in this paper in illustration of such 
a secondary adoption of a new host. 

On the basis of the degree of specificity displayed, parasitic worms may 
be divided into three groups: a polyxenous group consisting of parasites capable 
of establishing themselves in a wide array of hosts; oligoxenous parasites whose 
potential hosts are few in number; and monoxenous parasites which are 
restricted, both in nature and in the laboratory, to a single host species or to 
very closely related hosts. As an example of each of these groups, we shall cite 
a single species, well studied because of its economic importance (and hence 
more reliable), from each of the three classes of Helminths. Among the 
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Acanthocephala, specificity is not highly developed, and the group need not, 
therefore, be included in this connection. 


Polyxenous 


Trematodes: Schistosoma japonicum 
in man; Ungulates, 
Carnivores, Rodents, 
ete. 

Cestodes: Diphyllobothrium latum 
in man and fish-eating 
Mammals (esp. Car- 
nivores) 

Dracunculus medinensis 
in Primates, Carni- 


Nematodes: 


Oligoxenous 
Schistosoma spindale 
in various Ungu- 
lates 


Hymenolepis nana 
in man, mouse, and 
rat 


Dirofilaria immitis 
in dog and cat 


Monoxenous 


Schistosoma haematobium 
in man 


Taenia crassicolis in the 
dog 


Filaria bancrofti in man 


vores and Ungulates 


Between the extremes of the highly specific parasite and the parasite of 
low specificity, all gradations are to be found. Corresponding with this, for 
many highly specific parasites different species of hosts are to be found ranging 
from the frankly unfavourable host, in which no development will occur, to 
the especially propitious host to which the parasite is well adapted for the 
perpetuation of its race. To this host the term “normal” may be properly 
applied. With the recognition of a series of potential hosts, to some of which 
a parasite may be better adapted than to others, it becomes necessary to 
establish definite criteria whereby the occasional, or incidental, host species 
may be distinguished from the proper or normal host. So far as the writer is 
aware, a definition of the normal host incorporating such criteria has not 
previously been formulated. The following essay is made to fill the hiatus: 
the Normal Host Species is that in which the parasite finds the most desirable 
conditions for its own maintenance and the perpetuation of its race; the 
favourableness of the environment will be reflected in the rapid growth of the 
parasite to maturity, a relatively great longevity, and high fecundity. Since 
it is a product of a long association with the host, the order of pathogenicity 
is likely to be a low one which, under ordinary circumstances, such as usually 
occur in nature, will not endanger the life of the host and through this jeopardise 
the existence of the parasite. The combined effect of all these factors is 
calculated to result in a high frequency of association between the parasite 
and the most favourable host, or, in other words, the incidence of infection 
will be high. 

Age resistance and acquired immunity. 

The opinion that the age of the host constitutes a very important if not 
a critical factor in determining its susceptibility to infection with certain 
parasites is so widely held by students of the subject as to have received 
almost axiomatic standing. In witness of this, the late Prof. Arthur Looss 
(1911, p. 240), one of the most widely experienced investigators in the field 
of helminthology, may be quoted: “It has long been known to helminthologists 
that experiments in infection made with germs of parasites, are much more 
likely to succeed if the hosts experimented with are young.” Expressions of 
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similar beliefs are also to be found in the writings of several present-day 
students. For example, Fiilleborn et al. (1928, p. 456) write: “Eine allen 
experimentierenden Helminthologen bekannten Erscheinung ist es, dass sich 
altere Versuchstiere auch per os schwerer infizieren lassen als jiingere Exem- 
plare....” To account for the apparent predisposition to infection of the 
young, it has been held by some that the process of ageing is accompanied by 
changes in the tissues that act as barriers against the invasion of the parasite. 
Such a resistance we may term, for convenience, “age resistance.” It is now 
becoming evident that age resistance is not of general occurrence in helminth 
infections, nor is the real extent of its occurrence known. While it has been 
demonstrated by well-planned experimental studies to apply to a number of 
parasitic worms, no general rule as to the peculiar circumstances in which it 
does occur has, as yet, been formulated. A number of comprehensive studies 
have already been devoted to the elucidation of the mechanism underlying the 
development of age resistance, thus far, however, without success. In dealing 
with such problems, it becomes necessary to distinguish between resistance, 
the cause of which is to be attributed solely to the increased age of the host, 
and a resistance that may be acquired as a consequence of an infection the 
host already harbours, or one that it previously harboured. In other words, 
it is essential to distinguish between age resistance and the conditions of pre- 
munition and acquired immunity. Until relatively recently, no adequate 
demonstration had been made of the occurrence of acquired immunity, and 
it was even questioned whether metazoan parasites were capable of inducing 
such a condition in the host. However, acquired immunity to metazoan 
parasites is now definitely known to occur. In the literature, the demonstration 
of age resistance has been claimed in several instances, without, however, 
providing evidence to indicate that acquired immunity has been adequately 
eliminated as a cause of the resistance. Both phenomena must be differentiated 
before the validity of the claims for either can be accepted. 

In the following sections of this paper, the cases of resistance to infection 
that have been reported are treated seriatim, their probable validity being 
briefly discussed on the basis of the evidence brought forward in their support. 
Then, by referring to what is known of the behaviour of the parasite in its 
various hosts, an attempt is made to discover whether there is an abnormality 
of the host-parasite association that may be correlated with the resistance 
displayed. 

It is essential at the outset of this discussion to require that the term 
“infection” (or “infestation,” as some prefer) be restricted to cover only those 
cases in which the parasite regularly develops to functional maturity in the 
particular species of host. In nature, the introduction into the body of a host 
of the infectious egg or larva is usually a matter of chance, and, not infrequently, 
the larva can undergo considerable development before the absence of special 
conditions in its environment causes the inhibition of further development. 
Consequently, from the standpoint of the biology of the parasite, the finding 
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of larvae which have not yet attained functional maturity cannot be taken as 
constituting infection, and the destruction of such larvae or their elimination 
from the body may not signify the presence in the host of any antagonistic 
forces specifically directed against the parasite. 
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II. RESISTANCE IN TREMATODE INFECTIONS. 
(a) Schistosomiasis in the horse. 

The special aspect of the biology of Trematode infections that takes its 
expression in the development of resistance on the part of the host, has been 
alluded to in only a few studies in the group. Particular references to this 
subject are to be found in the voluminous literature on the schistosomiases. 
The genus Schistosoma comprises several species of mammalian parasites. In 
these species there are pronounced variations in host specificity. Thus, of the 
three species that affect man, S. japonicum is polyxenous in nature, while 
S. haematobium and S. mansonia are apparently monoxenous. S. japonicum 
can be experimentally established in all the usual domestic and laboratory 
Mammals; the other human species are more specific, although they too have 
been transferred experimentally to the monkey (Cercocebus sp.), the rat, 
mouse and hedgehog. Schistosoma spindale, a parasite of goats and cattle, on 
the other hand, was found by Fairley (1928) to undergo only partial develop- 
ment in Macacus rhesus. Whether S. japonicum develops and maintains itself 
equally well in all species of susceptible hosts does not appear to have been the 
subject of any special enquiry. It is with this species that immunity studies 
have been prosecuted. Fujinami (1916) and Fujinami and Sueyasu (1917) 
reported a single experiment in which they demonstrated that infection with 
S. japonicum in the horse is of relatively short duration, and, the infection 
having been overcome, the animal is found to be immune to re-infection. 
Without mentioning specific details of their observations, these authors further 
state that calves which do not succumb to a primary infection also develop 
a high grade of resistance to re-infection. A similar acquisition of immunity 
occurs in the dog according to Tanaka (quoted by Fujinami, loc. cit.), and, as 
epidemiological observations made in Japan seem to show, also in man. The 
age of the host, as a factor determining susceptibility, has not been alluded to 
in the numerous experimental studies on infections that have been carried out 
with the various species of Schistosoma, but it would probably be correct to 
infer that age resistance is not displayed. 

From the experiences gained during the South African War (1899-1902) 
and the Great War, with troops introduced into endemic areas of S. haematobium 
and S. mansoni, it is known that adult man is susceptible to infection with these 
flukes. Although for obvious reasons the opinion has not been subjected to 
the experimental test, it is a frequently expressed belief that .some children 
lose their infections after a period of years and, despite repeated exposure, do 
not become re-infected. If this belief is founded on fact, it would seem that 
individuals may acquire a potent immunity as a consequence of previous 
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infections that have been spontaneously overcome. Conclusive evidence of 
such an immunity is, however, lacking. 

The specific relationships of the various species of Schistosomum and their 
various hosts are not clear. While S. japonicum is definitely polyxenous, it may 
be that comparative studies will show that the parasite is better adjusted to 
one host than to another, and if this is so, it would be interesting to observe 
whether immunity does not develop more regularly in the less favourable host 
than in the more favourable. 

There can scarcely be any question of man being the reservoir and probably 
only autochthonous host of S. haematobium and S. mansoni. In infections with 
these species, immunity, if it actually is acquired, is probably rare. 


(b) “Salmon-poisoning”’ in dogs. 

One of the best, if not the only, established case of acquired immunity to 
a trematode infection is found in the recent studies of Donham, Simms and 
Miller (1926) on the so-called “salmon-poisoning” of dogs in Oregon. The 
disease is due to the action of a small intestinal Trematode Nanophyes salmini- 
cola Chapin. Infections, even though the number of parasites harboured be 
small, are usually fatal. A small percentage of dogs, however, recover from the 
disease and these animals, as the above-mentioned investigators have demon- 
strated, are then found to possess a very substantial and lasting immunity. 
The fate of the parasites in the dogs which have acquired immunity does not 
appear to have been noted. 

The correlation between the acquired immunity and an abnormality of 
the host-parasite relationship in this instance is very positive, for if the 
parasite were dependent upon the dog as definite host for its perpetuation, it 
would soon become extinct. Cram (1926) has found that the parasite occurs 
in nature among several wild Carnivores, including the coyote, the raccoon, 
and the lynx. Even massive infestations in these hosts do not produce the 
severe clinical picture that is seen in the dog, and the parasites persist for 
considerable periods in these animals. It is obvious that Nanophyes salmini- 
cola is not biologically well adapted to exist in the dog; on the other hand, the 
normal hosts of the parasite do not appear to acquire an immunity. 


III. RESISTANCE IN CESTODE INFECTIONS. 


In my review of the literature, the only references seen on the question of 
resistance to cestode infections are concerned with a few of the more common 
human parasites. The statements on this subject have, for the most part, been 
brief and incidental ones. So far as I am aware, resistance other than resistance 
to superinfection with Cestodes has not been made a major subject of enquiry. 

In connection with the polyxenous Diphyllobothrium latum of man and the 
fish-eating Mammals, the experiments of Le Bas (1924) furnish some evidence 
that in certain hosts, such as the dog, cat and monkey, there exist differences 
in susceptibility to infection. So far as can be said at present, the age of the 
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host is not a contributing factor to the resistance encountered. Nor has age 
been held to decrease the ‘susceptibility of man to infection with the mono- 
xenous T'aenia solium or T. saginata. With these parasites, the only type of 
resistance met with is resistance to super-infection in which a barrier is pre- 
sented to the development of additional worms by the presence of an already 
established parasite. 

This condition of “premunition,”’ as it is termed by Sergent et al. (1925), is 
destroyed following the expulsion of the established parasite by appropriate 
treatment (Brumpt, 1927, p. 519). 


(c) Infections with Hymenolepis nana in the rat. 


Hymenolepis nana is a cosmopolitan parasite of man, the rat and the 
mouse. Although more commonly a parasite of children, it also occurs in the 
adult. The number of experimental infections in man recorded have been so 
few that it is not improbable that the higher incidence of the parasite in 
children may be a reflection on the hygienic habits of the latter, since infections 
are contracted directly following ingestion of the “eggs” that occur in the 
faeces. Infections in children are known to persist for a number of years. 

Despite the morphological identity of the parasite in man and the Rodents, 
supposed differences in the geographical distribution and the lack of success 
that has attended experimental attempts to procure reciprocal cross-infection 
of the various hosts have led a number of workers (cf. Joyeux, 1925) to the 
view that there are two strains of the parasite, physiologically restricted to the 
different hosts. These are distinguished by the sub-specific titles -nana and 
-fraterna, respectively, for the human and rodent strains. 

In addition to the condition of premunition afforded by a primary infection 
against subsequent super-infections (which, according to Joyeux (1925) occurs 
in rats harbouring H. nana-fraterna) a resistance to infection which increases 
with the age of the animal is also encountered. Joyeux found that the most 
favourable age for procuring infection was up to the sixth or eighth week after 
the rats were weaned, and that after the middle of the third month, the animal 
usually loses its susceptibility entirely. It may be noticed, however, that it 
is not usual to find individual rats well within the susceptible age to be 
resistant. Under laboratory conditions, the parasite does not maintain itself 
in the young rats which have been experimentally infected for more than a 
few months; indeed, according to the investigations of Joyeux, the loss of 
parasites commences after fifteen days. In nature, however, infections are 
very frequently found in fully grown rats and mice, where the longevity of the 
parasite may, perhaps, be comparable with that in man. 

The evidence of age resistance to infection with H. nana both in man and 
Rodents is really meagre and to some extent not consistent. The fact that 
experiments have been performed with the albino race of rats and mice under 
artificial conditions instead of the wild races may possibly be significant in 
this connection. At any rate, it appears evident that, under experimental 
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conditions, the order of adaptation of Hymenolepis nana to laboratory animals 
is low, for the parasites in the monkey (Saheki, 1925) and other hosts, when they 
do reach sexual maturity, are short lived. Until more evidence is available 
on the susceptibility of both man and the rodent hosts with several strains of 
the species, the question of the existence of age resistance should be held in 
abeyance. 

IV. REsISTANCE IN NEMATODE INFECTIONS. 


The resistance of the host to infection with Nematodes has been more 
extensively investigated, and is, perhaps, more commonly encountered than 
it is with any other group of helminthic parasites. Even in the species of 
common occurrence, great variations in the specificity relations are observed, 
ranging from the strictly monoxenous Wucheria (Filaria) bancrofti of man to 
the polyxenous Dracunculus medinensis of many Mammals of diverse orders. 


(d) Trichinosis in rats. 

Perhaps the single species of parasitic Nematode least restricted in its 
range of hosts is T'richinella spiralis. According to standard texts on para- 
sitology, almost any Mammal, as well as several Birds and the salamander, 
when maintained under appropriate temperature conditions, is susceptible to 
infection with this parasite. These statements, however, would be erroneously 
interpreted if taken to mean that the worm is capable of consummating its 
life-cycle in these various hosts. As Staubli (1909) in his monograph on 
Trichinosis points out, the account of the establishment of Trichinella spiralis 
in salamanders is very dubious, the larvae probably having been confused with 
a species of T'richosoma, native in this animal. Although encysted larvae after 
ingestion by certain birds maintained at a lower temperature can develop 
considerably and even attain the adult state, they do not function sexually 
and are overcome without completing their life-cycle. Some Mammals, such 
as horse, sheep, cat, etc., possess a natural immunity which prevents the in- 
vasion of the muscular system by the larval Trichinella. Also, as Ducas (1921) 
points out in his review of the voluminous literature on the subject, the in- 
vestigations of Zencker and Kiichenmeister on dogs, and of Fuchs and 
Pagenstecher on rabbits indicate clearly that the parasite is not equally well 
adapted to all hosts in which the life-cycle may be carried through under 
experimental conditions. Despite the fact that 7. spiralis is not able to develop 
to the completion of its life-cycle in as large a series of hosts as it is commonly 
supposed to do, the list of proven susceptible hosts is large enough to show 
that it has a low grade of specificity. 

In nature, the pig, both domestic and wild, and the rat are the hosts most 
commonly found infested, and since a heteroxenous host is not obligatory for 
the completion of the life-cycle, there has been some discussion as to which of 
these hosts represents the original or autochthonous host for Trichinella 
spiralis. On this question no aid can be secured from the distribution of 
related species of the parasite for only a single species of the genus is known. 
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In contrast with the pig, which displays practically no pathological reactions 
to the parasite, the rat is very apt to show serious symptoms of the infestation, 
which often proves fatal. Cameron (1927), discussing the question of the 
original host of Trichinella spiralis, makes the following statement: “Doubts 
have been expressed whether these animals (rats) are normal hosts at all, or 
merely accidental agents by which the parasite may be further disseminated.” 

Resistance to infection has been studied in various hosts by different 
investigators. According to Staubli (loc. cit.) Ashkenazi found that a rabbit, 
after recovery from a primary infection eighteen months previously, was 
susceptible to re-infection; the lack of immunity was confirmed by Staubli for 
the guinea-pig after a similar intervening period. Susceptibility to re-infection 
is also known from clinical records to occur in the case of man. In contrast to 
this situation, Ducas (Joc. cit.) has asserted on the basis of what seems to have 
been a very comprehensive and careful series of experiments, that rats acquire 
a potent immunity against trichinosis. Briefly stated, the experimental pro- 
cedure which furnished Ducas’ evidence of the acquired immunity is as follows: 
The minimum lethal quantity of Trichinella larvae for the rat was determined, 
and a series of rats was fed with a sub-lethal dose of the larvae. After recovery 
from the pathogenic effects of this feed, it was found that animals were capable 
of withstanding repeated re-infection with quantities of material many times 
as large as the minimum lethal dose without displaying any of the usual 
symptoms. On investigating the fate of the larvae administered to a clinically 
immune rat Ducas found that, instead of proceeding with the normal develop- 
ment to the adult condition, the growth of the larvae was arrested and they 
were swept out of the intestine before attaining sexual maturity. The nature 
of the allergic condition of the immune rat that was responsible for the in- 
hibition of the development of the parasite was not determined. 

In view of the fact that Ducas’ observations conflict with those of Ashkenazi 
on the rabbit and of Staubli on the guinea-pig, and are not entirely in harmony 
with those of Schwartz (1917), a repetition of the investigations on rats seems 
most desirable. If Ducas’ observation is confirmed, it would afford collateral 
evidence to support the contention that the rat represents an incidental and 
unfavourable host for Trichinella spiralis. 
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(e) Infections with “hookworm” in dogs and cats. 


The economic importance of hookworm infections has demanded very 
extensive studies of the biology of the parasite and the reactions of the hosts. 
Much work has consequently been devoted to this subject in its various phases, 
including questions of susceptibility and resistance in correlation with the age, 
sex, and race of the host and the effect of previous infection. 

The so-called hookworm parasites of man belong to two genera: Necator 
and Ancylostoma. Necator americanus is specifically restricted to man and the 
gorilla, Additional species have been described from the other anthropoid apes. 
A species, N. suillus, was described by Ackert and Payne from the pig in 
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Trinidad. These authors showed by experiments, which were confirmed later 
by Goodey, that N. americanus does ‘not mature in the pig, and they adduce 
certain morphological criteria for the distinction from N. americanus. These 
morphological differences, however, are not considered by Gordon (1923) to 
possess sufficient magnitude and constancy to warrant separate specific 
recognition and so N. suillus is regarded by some to be a synonym of N. ameri- 
canus. Isolated adult examples of N. americanus have, at times, been recorded 
also from the dog (Stiles, 1921) and rhinoceros (Baylis and Daubney, 1922), 
in which hosts it must be regarded as aberrant. 

The genus Ancylostoma comprises several species mainly parasitising the 
Primates and Carnivora (see Schwartz, 1927). In connection with the present 
topic, we need consider only three of these species. A. duodenale is primarily 
a parasite of man, but has also been found in small numbers on a few occasions 
in different species of cats (e.g. Felis tigris, F. leo, etc.). A. caninum occurs in 
several countries in a number of genera of the Canidae and Felidae. The same 
broad host distribution applies to A. braziliense, which also occasionally 
attains fertile maturity in man. 

Despite the multifarious investigations devoted to this question, among 
several human races, no significant evidence has been found indicating either 
age resistance or acquired immunity to infection with either A. duodenale 
or N. americanus. The longevity of both Ancylostoma duodenale and Necator 
americanus is considerable, estimates made by different investigators ranging 
from a few years to as long as fifteen years (see Chandler, 1925). 

The first experimental demonstrations of an age resistance to a hookworm 
infection were made by Looss (1911), who showed that in young puppies a 
small percentage of larvae of A. duodenale could reach functional maturity 
before being eliminated from the intestine; older dogs are refractory to in- 
fection. The parasite-host relationship associated with age resi:tance here is 
obviously an abnormal one. 

The extensive studies carried out by Herrick (1928) and by Scott (1928) 
on the biology of A. caninum in the dog and cat, brought out a number of very 
interesting points in connection with the relation between the age of the host 
and susceptibility. Herrick (loc. cit.) showed conclusively that a distinct, 
although not uniformly great, resistance to infection develops with the ageing 
of the host. Scott (loc. cit.), working with Herrick, discovered that for some 
unaccountable reason, a certain proportion of infective larvae of A. caninum 
introduced into the dog fail to develop when they reach the intestine and 
remain, sometimes for weeks, in a condition of inhibitcsi development before 
passing out of the body. The same author found thai A. caninum of the dog 
does not thrive well in the cat, and, conversely, a strain of A. caninum found 
naturally in the cat was better adapted to that host (to the extent of being 
able to establish infection) than it was to the dog. Among other suggestive 
facts in the biology of A. caninum, Herrick showed that even among young 
puppies the percentage of larvae that succeed in establishing themselves is 
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relatively low. Further, the worms that do attain maturity have a short tenure 
of life, many being eliminated spontaneously from the host in so short a time 
as twenty-two days after the onset of egg production. 

The occurrence of age resistance to infection with A. braziliense has recently 
also been shown by Sarles (1928) to apply to the cat. 

What has been discovered concerning the bionomics of A. caninum shows 
that when compared with A. duodenale in man, the parasite is poorly adapted 
to both the dog and the cat. In nature, this species is very polyxenous within 
the limits of the class Carnivora, and some evidence is already available 
indicating the occurrence of sub-specific strains. The races of dogs of America 
are for the most part of Western European origin. In England, Germany, etc., 
the species, A. caninum, is seldom encountered, so that the dogs of these 
countries might be considered perhaps as unusual hosts. On the other hand, 
A. caninum in the United States is listed among the common parasites of the 
coyote and fox, and it is quite possible that if studies could be prosecuted with 
these hosts, comparable with those carried out with the dog and cat, a less 
marked degree of age resistance would be found. 

The only reference that has come to my attention in which the claim has 
been made of the demonstration of acquired immunity in a hookworm 
infection is that of Fiilleborn (1926). While working with U. stenocephala in 
dogs, Fiilleborn observed that after an infection of about five months’ duration, 
one of his experimental animals had lost its parasites and had become re- 
fractory to re-infection. Fiilleborn claimed this to be a case of acquired 
immunity. This claim can only be provisionally accepted, since, in the pub- 
lished account of the finding, no control experiments are indicated, and the 
possibility of the refractory condition of the animal being due to advanced 
age cannot be ruled out of consideration. However, it is interesting to know 
that the source of the strain of the parasite used in his studies was a dog 
imported to Hamburg from East Africa that had strayed from the Zoological 
Gardens, and that its helminth fauna was quite different from that normally 
harboured by local dogs (Fiilleborn, 1924). One might consequently correlate 
the resistance, whether in this instance it was due to age or acquired as a result 
of the previous infection, with an abnormality in the specific relationship of 
the host and parasite. 


(f) J nfections with Syngamus trachea in chickens. 


Probably the earliest rigid demonstration of a resistance to infection which 
increases with the age,of the host is to be found in the study of Ransom (1920) 
on the behaviour of the common “gape-worm” in the chicken. Syngamus 
trachea is distinctly polyxenous in its distribution, as the recent morphological 
studies of Lewis (1928) have shown. While turkeys of all ages may harbour 
the parasites in, large. numbers without displaying any outward discomfort, 
Ransom found that .¢hickens are only susceptible to infection when young. 
As a rule, the chicken exhibits definite signs of physical distress even though 


| 


240 Immunity and Metazoan Parasites 


harbouring only a few worms. The parasites, which only occasionally reach 
maturity in the chicken, and, compared with the same species of parasite in 
the turkey, are substantially smaller, are eliminated from the host. 

The resistance encountered here is due entirely to age, for chickens more 
than two to three months of age, even though they have previously been 
protected from infection, are not susceptible. 

Various considerations of the biology of the parasite convinced Ransom 
that the chicken was an abnormal host of Syngamus trachea, the normal host 
in this case being the native turkey. 


(9) Infections with Ascaridia lineata in chickens. 
With Ascaridia perspicillum (or what, according to Schwartz (1925), is 


really A. lineata), an intestinal parasite of birds, extensive studies on host 
resistance have been made by Ackert and his associates. In addition to 
A. lineata, several other species of the genus are claimed by different students 
to occur in the domestic chicken in various geographic regions. All the species 
of Ascaridia apparently possess a low order of specificity. The species A. lineata 
itself is stated by Schwartz (loc. cit.) to occur in the duck and goose in addition 
to the chicken. It is also prevalent in the ruffed grouse in New England (fide 
Dr E. E. Tyzzer). When heavily parasitised, the chicken is seriously affected, 
especially when young. Herrick (1926) has made an intensive study of the 
growth of resistance to infection with A. lineata in this host and has shown that 
resistance increases with the age of the bird. Under natural conditions, full- 
grown birds sometimes harbour the worms in small numbers. Experimentally, 
it is found that the parasite is unable to establish itself for more than a brief 
period when introduced into an adult bird that has not had a history of previous 
infection. A. lineata is essentially a parasite of the young chicken. The more 
vigorous birds, infected in the first few weeks of life, spontaneously eliminate 
all or the majority of their parasites before the fifth month, and, although some 
of the parasites may attain sexual maturity in the host, for the most part the 
worms when expelled are small and immature. Thus far, the mechanism of the 
resistance of the host, which is responsible for the failure of the worms to ° 
thrive, has not been elucidated. 

From the details of the life-history bared by the studies of Herrick and 
briefly mentioned above, it is difficult to avoid the conclusion that the be- 
haviour of A. lineata in the chicken exhibits all the characteristic marks of a 
parasite living in an environment that is at best only partially favourable to 
its existence. However, final conclusions in this connection must necessarily 
be suspended until the behaviour of the species has been made the subject of 
comparative studies in other breeds of chickens or in some of its alternative 
species of host. 
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(h) Infections with Ascaris lumbricoides in man and the pig. 


With the discovery of the systemic migration of the larvae of Ascaris 
lumbricoides before settling down to develop in the intestine, a new impetus 
was given to the study of this important human parasite. During the course 
of investigations on this subject by Ransom and Foster (1920) the question of 
immunity was given special consideration. There have subsequently appeared 
a number of papers devoted to the relationship of A. lumbricoides in various 
species of hosts. 

Besides being a frequent parasite of man, cosmopolitan in distribution, 
A. lumbricoides has on a number of occasions been recorded from several of 
the higher Primates. It is exceedingly common in the pig, in which host it 
has been known as A. suwm Goeze, or A. suilla Dujardin. Its occasional 
presence (under the name A. ovis Rudolphi) in lambs (Goodey, 1926) as well 
as in the calf (Schwartz, 1925) and in squirrels (Baylis and Daubney, 1922) 
stamps it in these cases as an erratic parasite which occasionally finds conditions 
favourable for development in an incidental, abnormal host. 

Ascaris lumbricoides in the pig is usually built on more slender lines than 
in man, but all morphological as well as biochemical evidence strongly indi- 
cates the specific identity of the worm in both hosts. However, the unsuccessful 
attempts of Koino (1922) and of other subsequent workers to effect a reciprocal 
cross-infection of hosts with the infectious eggs of the worms from man and 
the pig, together with epidemiological evidence, such as that furnished by 
Caldwell and Caldwell (1926), is sufficient to show that the species A. lumbri- 
coides has been differentiated into two distinct host strains. Martin (1926) 
proposes to distinguish these strains by the sub-specific names, hominis and 
suis. 

It has for long been believed that children show a greater susceptibility to 
infection with Ascarids than does the adult. In countries where a fairly high 
standard of sanitation has been achieved, observations on the age distribution 
of Ascaris infestations seem to support such an opinion, but in communities 
with poor hygienic standards, as the figures of Mills (1927) on the examination 
of nearly four thousand Koreans show, the discrepancy between the index of 
infestation in the young and in the aged is not great enough to support a strong 
correlation of diminishing susceptibility with increase in age. The fact that 
such a high proportion of infection experiments that have been carried out 
with the adult human subject have been successful indicates a high suscepti- 
bility. This is borne out by the further fact that many adults acquire infections 
with Ascaris on entering lands where poor sanitation systems increase exposure 
to the infectious eggs of the parasite. 

Turning now to the matter of the susceptibility of the pig to Ascaris 
infection, which has been the subject of several experimental investigations, 
a number of anomalies still requiring elucidation have been exposed. The only 
extensive figures on the incidence and intensity of Ascaris infestation in the 
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pig that are available are those collected at the examination of 2583 pigs 
slaughtered at the Chicago abattoirs and published by Ransom and Foster. 
The figures from these examinations were analysed and tabulated according 
to the estimated age of the hosts, the worms also being separated into three 
size groups to indicate their condition of development. 

The table is reproduced here for the convenience of the reader. 


Results of post-mortem examination of hogs of various ages for the presence 
of Ascaris suum in the intestine. 


Age in months 


Item lto2} 2}to5 5to7 T7tol2 12tol8 18to48 All ages 

Hogs examined— 55 584 363 699 626 256 2538 
number . 

—_ infested—num- 19 304 158 299 238 91 1109 

r 

Hogs infested—per 34:5 52-1 43-6 42-8 38 35°5 41-1? 
cent. 

Total worms found— 82 1936 684 1489 1243 541 5975 
number 

Average worms per 1-6 3-3 1-9 2:1 2 21 2-11 
hog—number 

Average worms per hog 4:5 6-4 4:3 5 5-2 6 5-21 
infested—number 

Small worms*—per _ 4-2 4-2 4-2 5-6 8 31! 
cent. 

Medium worms*’—per 97-6 49-2 33-2 35-9 39-4 31-4 47-8! 
cent. 

Adult worms'—per 2-4 46-5 62-7 60 54-9 67-8 49-11 
cent. 

Average adult worms — 3-0 2-7 3-0 2:9 4-1 3-1! 


per hog infested 


1 Weighted average or percentage. 

2 Not more than 2 inches long. 

3 Slender worms intermediate in size between small and adult worms. 

4 Plump worms 5 inches or more long. 

5 This column was calculated by the writer from the data given above; it shows that older 
hogs do not harbour fewer adult worms. 


From an analysis of this data, Ransom and Foster (pp. 25-27) arrived at 
the following conclusions: “...there is a greater frequency of infestation 
among young than among old pigs and they harbor more parasites than the 
older animals so that it appears that young animals are more susceptible than 
older ones... . Whether the lessened susceptibility of pigs to Ascaris infection 
as they become older is the result of immunity following previous infection, 
or of increased resistance to infection which comes with advancing age is 
perhaps not altogether certain, but it is likely that age is the determining 
factor rather than the establishment of an immunity in consequence of an 
earlier infection....The question of the production of immunity to Ascaris 
infection as the result of earlier infections requires further investigations. Our 
present knowledge, however, indicates that as pigs grow older they become 
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less susceptible, not because they have been immunised by earlier infections, 
but because, with advancing age, they become more resistant to infection.” 

The very nature of the conditions under which it is practicable to carry out 
infection experiments with Ascaris renders it exceedingly difficult to secure 
reliable evidence on the question of acquired immunity, and, as will be shown 
presently, it is equally difficult to secure a good correlation of the decrease in 
susceptibility with an increase in age. The establishment of infections with 
Ascaris in pigs under normal conditions has always been surprisingly difficult and 
the erratic results secured from such experiments have been awkward to interpret 
because of the failure of precautions that were taken to prevent infection in the 
control animals. Thus in an experiment (No. 18) reported by Ransom and Foster, 
in which eight young pigs were fed with embryonated eggs of A. lumbricoides 
suum, at the termination of the experiment four of the animals were found infected 
lightly, the remaining four were entirely free of parasites, while two control 
animals had each contracted infections. In a similar series of experiments 
carried out by Martin (1926) in which, of fourteen young pigs, six were given re- 
peated feedings with the embryonated eggs of the human Ascaris, four received 
eggs of the pig Ascaris and four were kept as controls. When the animals were 
sacrificed, it was found that one of the controls had become infected, two of the 
pigs fed with the eggs of the human Ascaris harboured a worm each, and of 
the four pigs to receive the eggs of the pig Ascaris, one was found uninfected, 
two animals harboured a single worm apiece, and in the remaining animal 
seventy-three worms were found. This latter animal is the only one in which 
the experiment can be said to have been successful. These experiments, carried 
out apparently under the most favourable conditions and with all feasible 
precautions, provide striking testimony of the great difficulty of procuring 
infections in the pig experimentally. To be contrasted with this is the uniform 
success that, according to the records, has followed the administration of what 
have necessarily had to be very small numbers of infectious eggs of the human 
Ascaris to man. Compared with the enormous numbers of worms (running 
into the thousands) that are not infrequently found in human cases of 
ascariasis (see Ludlow, 1927) the susceptibility of the pig to ascariasis, under 
natural as well as experimental conditions, is found to be trivial. Reference 
to the figures from the Chicago abattoirs shows clearly that the pig’s low order 
of susceptibility to infection with its own strain of Ascaris is general rather 
than especially confined to the older animals. 

In the face of this situation, it seems that we must either admit the presence 
of important lacunae in our practical knowledge of the life-history and of the 
bionomics of the pig Ascaris, or we must assume that the low measure of 
success that has attended all experimental infections is but a duplication of 
what happens normally under field conditions. A feasible explanation of this 
condition is available if the concept of an abnormality of Ascaris lumbricoides 
in the pig be entertained. Payne, Ackert and Hartmann (1925, p. 99), in 
considering the origin of the physiological strains of the human and pig 
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Ascaris, speculate briefly on the question whether man or the pig constituted 
the original host of the parasite. They surmise that “at a time in man’s early 
history when his feeding habits and those of the pig were similar, it is plausible 
that either may have been parasitised with Ascarids from the other. Then, as 
the generations of Ascarids developed and the food habits of man and the pig 
diverged, corresponding changes in the physiology, probably digestion, of the 
two Ascarids may have occurred and with these the development of host 
specialisation.” In other words, the assumption that these authors make is 
that at one time A. lwmbricoides was equally well adapted to man and the pig, 
and that there has been a subsequent evolution of two physiologically distinct 
strains from an original non-specific form. The greater order of adaptation 
that the human Ascaris has for man as compared with the poor order of 
adaptation that is found between the pig Ascaris and its host, would be difficult 
to account for on this basis. It seems more in harmony with the facts to 
hypothecate that the association of Ascaris lumbricoides suis with the pig has 
occurred relatively recently, and that the parasite, as a specific variety, has 
been derived directly from A. lumbricoides hominis. Support for this conten- 
tion is to be secured from the fact that while man and the higher apes harbour 
only a single species of Ascaris, several distinct species of Ascaris are found 
in the wart hog and other close relatives of the domestic pig (see Gedoelst, 
1916). A reasonable interpretation to put upon this is that with domestication, 
the pig lost any original species of Ascarids that it may have harboured 
(a phenomenon of common occurrence when a host is removed from its original 
habitat attended by radical changes in the diet), and that, as a result of its 
intimate contact with man, it has secondarily acquired Ascaris lumbricoides, 
essentially in the same way as the sheep and the calf occasionally harbour the 
mature parasite. The repeated passage of Ascaris lumbricoides in the pig has 
produced, probably by the process of selection, a variety of the species which 
is host-specific but seemingly has not yet attained a high degree of adaptation 
in this host. 


(i) Infections with Ascaris vitulorum in cattle. 

The distribution of Ascaris vitulorum, a parasite confined almost ex- 
clusively to calves, is apparently coincident with that of its host. The biology 
of infection is practically unknown. Brumpt (1927, p. 642) records that his 
efforts to infect three young calves with the embryonated eggs of this parasite 
were without success. This leaves the problem of infection in an entirely 
unsatisfactory state, and the consideration of the nature of the host resistance 
is not possible until more experimental information is available. Schwartz 
(1925), in a review of the subject of ascariasis in cattle, has suggested the 
probability of natural infestations of calves occurring pre-natally. 
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(j) Infections with Toxocara canis in the dog. 


Toxocara canis, the cosmopolitan and inseparable parasite of the dog, must, 
from all that is known about the biology and host distribution of the parasite, 
be considered as an old, well-established parasite in dogs. References to age 
resistance, based upon the greater prevalence of infection in young pups than 
in older animals, are numerous. It is well known that dogs lose their Ascarid 
infections spontaneously, and that most adult dogs do not become infected 
with the mature parasites when fed with infectious eggs. 

Owing to the general prevalence of infection among dogs and the insidious 
manner in which infection may occur, even pre-natally, it would be difficult 
to keep animals free of Ascarids so that it would be possible to demonstrate 
that the resistance to infection that is so commonly encountered is due 
intrinsically to the age of the animals. An account of such an experiment 
having been carried out does not appear in the literature. Both Brumpt (1927) 
and Yokogawa (1923) consider that the immunity that old dogs display to 
Toxocara infection has been acquired as a consequence of infections in early 
life. 

(k) Infections with Trichuris depressiusculus in the dog. 

An account of the active immunisation of dogs to this species of Trichuris 
by the injection of extracts of the eggs of the parasite has been all too briefly 
reported by Ferndn-Nuiiez (1927). These experiments require confirmation. 
At present their validity cannot be judged since details of the experimental 
procedure are only scantily suggested and the controls appear to be absent or 
totally inadequate. 

(l) Infections with Loa papionis in the baboon. 

Under the heading “ Reaction of the Host” Treadgold (1920), in describing 
this parasite for the first time, states as his opinion that Papio cyanocephalus 
displays “a considerable although variable degree of immunity against Loa 
infection.” The conclusion is based on the following considerations: “(1) Of 
fifty-five baboons examined, only thirteen (23-6 %) were infected; (2) the 
degree of infection is variable in parasitised animals; (3) the apparent absence 
of immature Loas in the tissues of infected animals points to the existence of 
a high degree of immunity against reinfection in the adults.” 

These observations, although suggestive, constitute only circumstantial 
evidence, the value of which is difficult to gauge. If accurate, the evidence 
indicates the occurrence of an immunity against superinfection, similar perhaps 
to that described for infection with Taenia soliwm in man. 


(m) Infections with Strongyloides stercoralis in dogs and cats. 


The genus Strongyloides is comprised of a number of species so similar in 
appearance that Chandler (1925), after reviewing the genus, came to the 
conclusion that it is composed of only two morphologically distinguishable 
species, separable each into several sub-species associated with different hosts. 
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This opinion was not based on experimental observations on the transmissi- 
bility of the species from one host to another, but on morphological considera- 
tions, which Goodey (1926) has shown are largely inadmissible. The studies of 
the present writer (Sandground, 1925, 1928) on various aspects of the 
biology of the genus Strongyloides have included works on specificity, the life- 
cycle, and resistance to infection, as met with in various hosts. 

In the opinion of the writer there are at least six or seven species already 
described in the genus from different hosts which may be differentiated mor- 
phologically, and in all probability a number of physiological strains of certain 
species are also to be distinguished. The host-potentialities in each species 
appear to differ very appreciably. Thus, S. papillosus, which is listed from a 
considerable number of hosts, can be easily transferred from sheep to rabbits, 
but not to the rat or the guinea-pig. S. ratti of the rat could not be transferred, 
in the several attempts that were made, to the mouse, rabbit, or man. S. fiille- 
borni, a common parasite of Macacus spp. and other old-world Primates, : 
could not be established in Ateles geoffroyi, a new-world monkey, nor in the 
cat, but occasionally a very transient infection can be induced in man and the 
dog. S. stercoralis, with man as its type host, has been found in the Orient in 
the dog, and several authors have claimed to have infected monkeys with this 
form. I have found that a strain derived from man in this country could be 
readily established in the dog, the cat and the coati (Nassua narica). Infections 
induced in the experimental animals, however, were of variable duration. Thus, 
in a coati, the infection lasted for only a few days; in the cat for from two to 
seven weeks; and in the dog for from three to more than eleven months. This 
experience, apparently, is not a constant one, for Fiilleborn (1927, p. 9), using 
material from two humans, one of whom contracted his infection in Africa, 
while the source of the second infection is unknown, found that certain dogs 
could not be infected with larvae from the African case but that all dogs 
contracted infections of a few weeks’ duration with material derived from the 
second case. Apparently native infections with S. stercoralis in the dogs and 
cats of the Orient are of chronic duration; the longevity of the infection in 
man may be for at least twenty-four years, but I have observed the spon- 
taneous disappearance after three days of an experimentally induced, light 
infection in my own person, and have had oral reports, the reliability of which 
could not be checked, of two other cases, one in Africa and the other in the 
United States, in which infections of long duration disappeared without 
treatment. 

The grade of susceptibility to the human strain of S. stercoralis as measured 
by the intensity of the infections experimentally induced in dogs and cats, has 
been found by the writer to vary markedly and, seemingly, independently of 
the age of the host. Cats, as a species, were more resistant than dogs, and 
differences in the susceptibility of individuals within the same host species 
were also great. In the majority of the experimental animals, the infections 
disappeared spontaneously within the period of observation, and it was found 
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that these animals were subsequently refractory to reinfection. Since it is 
possible to eliminate the age of the host as being responsible for the resistance, 
the immunity is held to have been acquired as a direct consequence of the 
previous infection. The nature of the physiological changes that are responsible 
for the destruction of the parasite in the immunised dogs and cats is at 
present unknown, but the critical point that comes up in considering the 
phenomenon is that, in the present case, the parasite is of human origin and 
that in man, the normal host, infections are not frequently aborted and a 
lasting immunity is presumably absent. To make the study more compre- 
hensive, it would be interesting to secure information on the behaviour of the 
strain of Strongyloides in oriental Carnivores when transferred to man. 


V. RESISTANCE TO OTHER METAZOAN PARASITES. 
(n) Infection of fish by glochidia. 

The glochidia or larvae of fresh-water mussels (Unionidae) live parasitically 
within a cyst formed by the epidermis of the gills or external parts of the fish 
parasitised. This ectoparasitic life may persist for from several weeks to several 
months before metamorphosis occurs, and the young mussel begins a free life. 
A definite specificity is displayed on the part of the glochidia for different 
species of fish, but a certain latitude in this specificity exists. 

Reuling (1919) conducted experiments on the parasitisation of the large- 
mouth black bass (Micropterus salmoides) by glochidia of Lampsilus luteola 
and showed that, following two or three heavy infections the fish no longer 
support the normal parasitism, the glochidia being sloughed shortly after 
encysting. The acquired immunity was found to apply not only to the glochidia 
of L. luteola but also to other species of Lampsilus. In vitro tests showed that 
the serum of immune fish contained a lysin which destroyed the glochidia and 
that the immunity was not concerned with purely mechanical factors. 

This example of acquired immunity does not appear to involve any 
abnormality in the specific relationship between the host and parasite. 


(0) Infection of cattle by Hypoderma lineata. 

Hadwen and Fulton (1924), in reporting some observations on cattle 
infections with the warble-fly in Canada, noted that there is a rarity or absence 
of the grubs in the oesophagus of full-grown cattle. Whether this condition 
is an immunity due to previous infection, or is due to an age resistance, or 
whether it is attributable to extraneous factors associated with the habits of 
the fly, does not appear to have been determined by critical tests. The subject 
therefore requires further investigation. 


(p) Infection of the guinea-pig by Cordylobia anthropophaga. 
Very comprehensive investigations have been published by Blacklock and 
Gordon (1927) on the immunity acquired by guinea-pigs to a myiasis due to 
invasion of the skin by the larva of Cordylobia anthropophaga, a muscid fly, 
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which ranges through tropical and sub-tropical Africa. The larva is frequently 
found in rats, rabbits, certain Carnivores (such as the dog, mongoose, etc.), 
various monkeys and man. Although the parasitism is distributed over many 
orders of Mammals, final pupation of the larva is not accomplished in all hosts 
whereon it may happen to be lodged. The studies of Blacklock and Thompson 
(1923) indicated that in Sierra Leone the most important reservoir host is the 
rat, in which animal a large proportion of the grubs appear to thrive. Blacklock 
and Gordon’s studies have shown conclusively, that after a variable number 
of attacks by the larvae of the fly, guinea-pigs acquire a local skin immunity, 
that is independent of the age of the animal. The immunity appears to be due 
to cellular rather than humoral changes, and efforts made to confer passive 
immunity upon susceptible guinea-pigs were unsuccessful. 

From the standpoint of the favourableness of the environment for the 
development of the larva through all its instars, it is unfortunate that the 
figures of Blacklock and Gordon’s observations do not extend beyond the sixth 
day of parasitism. 

Roubaud (1914, p. 149) states that the guinea-pig is not a propitious host 
for Cordylobia anthropophaga, since the larvae do not complete their develop- 
ment in most guinea-pigs. Additional evidence that this immunity is correlated 
with an abnormal host is contributed by the fact that the guinea-pig is not a 
native of Africa; on the other hand, the rabbit, which is well represented by 
numerous close relatives in Africa, according to Blacklock and Gordon (p. 206) 
does not acquire an immunity, or at best only a temporary one, and this 
appears to be true also of the rat, dog, and other autochthonous hosts. 


VI. SuMMARY AND CONCLUSIONS. 
1. The relation of host-parasite specificity to age resistance. 

Conclusive demonstration of a substantial resistance developing conco- 
mitantly with the ageing of the host has been made with reference to four 
helminths, namely: Ancylostoma duodenale and A. caninum in the dog and 
Ascaridia lineata and Syngamus trachea in the chicken. A. duodenale in the 
dog and S. trachea in the chicken are manifestly in abnormal hosts. In contrast 
with this, it is to be noted that the normal hosts of these parasites, respectively 
man and the turkey, exhibit no appreciable age resistance. With regard to 
the remaining two cases, those of Ancylostoma caninum and Ascaridia lineata, 
the association of age resistance and a specific host-parasite mal-adjustment 
is not nearly so clear. In nature, both parasites enjoy a polyxenous distribution, 
neither having acquired the need for strictly specific host conditions for develop- 
ment. As a result of recent researches with A. caninum it has been brought 
out that the species is comprised of strains better adapted to one species of 
host than to another, and it has been demonstrated that a higher degree of 
age resistance is exhibited in the host parasitised with a foreign strain. 
Although no information on the matter is available, it is quite possible that 
age resistance will be found to be less markedly expressed in other species or 
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races of suitable hosts, when the bionomics of both Ancylostoma caninum and 
Ascaridia lineata are further investigated. 

The evidence now available on the matter of Ascaris lumbricoides in the 
pig is not conclusive enough to indicate that the resistance to infection observed 
in experiments is due to age rather than to an acquired immunity, and it may 
well be that other factors are involved. It is enlightening to contrast the 
resistance in the pig and the lack of resistance in man to infection with their 
specific Ascarids. On page 243 of this paper, evidence has been presented to 
support the view that A. lumbricoides suum is a relatively recently evolved 
physiological variety of A. lumbricoides hominis, and that it is poorly adjusted 
to its host. 

The infection of Rodents and man with Hymenolepis nana has not been 
successfully effected a sufficient number of times to permit us to interpret the 
few results secured in the laboratory as proving, beyond reasonable doubt, the 
existence of age resistance. 


2. The relation of host-parasite specificity to acquired immunity. 

In the two helminth infections in which acquired immunity has been 
demonstrated, namely Nanophyes salminicola in the dog and Strongyloides 
stercoralis in the dog and cat, it is found that the parasite is specifically adjusted 
to a host other than the ones which acquire immunity. There is no evidence 
that in the normal hosts these infections are eliminated prematurely with the 
precipitation of an immunity, and, in all probability, such an immunity is not 
induced. 

The evidence that the dog acquires an immunity against Uncinaria 
stenocephala is based on a single experiment and, in the report of this experi- 
ment, Fiilleborn does not indicate that the immunity is distinguishable from 
an age resistance. It is significant, however, to observe that in this case the 
strain of parasite used was of foreign origin. 

When dealing with Trichinella spiralis, we are confronted with a parasite 
which is unusually complaisant in its host requirements. It is interesting to 
note that the animal in which Ducas claims to have demonstrated acquired 
immunity, namely the rat, is regarded as a poorly adapted or abnormal host. 
It is desirable that Ducas’ work be repeated, since in the guinea-pig, rabbit, 
and possibly man, all of which from a priori reasoning must be considered as 
equally abnormal hosts for the parasite, no immunity to 7’. spiralis is known 
to be acquired. 

An acquired immunity to infection with Schistosoma japonicum has been 
demonstrated to occur in the horse, and it is claimed also to apply to the dog, 
calf and man. Details supporting the claims in the latter animals are not 
available, and it is necessary to suspend judgment on the matter. The specific 
relationship that obtains between the horse and S. japonicum cannot be 
discussed since the parasite is known to show little discrimination in its 
mammalian host and, so far as I am aware, comparative studies have not been 
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made on the relative susceptibilities of these hosts. The claims that have been 
made for the acquisition of immunity by man against Schistosoma haematobium 
must be set aside pending the presentation of crucial evidence. 

In respect to the specific relationship between parasite and host, the im- 
munity that dogs acquire against Toxocara canis as a result of pre-natal or 
early post-natal infestations appears to be in distinct contrast to the cases 
mentioned above, since there no evidence can be adduced to support a con- 
tention of abnormality of host. Although the subject requires a great deal 
more investigation, the same situation may hold true for the immunity of 
cattle to Ascaris vitulorum. 

With the immunity that the guinea-pig acquires to Cordylobia anthro- 
pophaga, we find that a host is involved, which, compared with the autoch- 
thonous hosts that do not develop an immunity, is specifically foreign and 
generally unsatisfactory. 

The immunity that has been shown to develop in certain fish to the 
parasitism of certain glochidia of mussels, is another instance in which a 
specifically abnormal host-parasite relationship is not indicated. 


3. On the nature of age resistance. 


Any programme designed to investigate the mechanism of the phenomenon 
of age resistance should preferably be preceded by the formulation of a 
rationale as a basis for the enquiry. In infections with parasites, such as the 
hookworms, etc., whose larvae penetrate the skin in order to gain access to 
the host, it is conceivable that a greater thickness of the skin in older animals 
may act as a mechanical barrier, but with such parasites as the Ascarids, whose 
larvae emerge from the eggs in the stomach or intestine, physical obstacles 
must play a very minor part in the resistance. In infections with both hook- 
worms and Ascarids it is definitely known that many larvae succeed in pene- 
trating tissues and passing through the systemic migration in the normal 
manner and that it is not until the larvae reach the intestine of the resistant 
host that their further development is arrested. It is consequently in the 
intestine of the immune host that the essential forces that oppose the parasite’s 
development must operate, and it is in this location that they must be sought. 
Despite the diversified studies of Ackert and his associates on the resistance 
of chickens to Ascaridia lineata, the nature of the factors responsible for 
changing the favourable environment, such as exist in the young susceptible 
animal, into the unfavourable one which is encountered in the older, resistant 
host, remains unknown. 

The definition of age resistance stipulates the absence of a previous infection. 
It is, therefore, unreasonable to suspect that specific antigenic substances, 
directly antagonistic to the development of the parasite, have developed in the 
host, and the search for the mechanism must be directed in paths other than 
those conventionally followed in studying problems of immunity in bacterial 
infections. It seems to me that the high correlation that exists between the 
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exhibition of age resistance and a greater or lesser condition of abnormality 
in the species relation of the parasite and host is of significance, and that it 
must necessarily be represented as an important, if not the critical, feature in 
any explanation of the phenomenon. To my mind, a satisfactory conception 
of the factors involved in age resistance is afforded by an extension of the 
explanation which is usually considered sufficient for the understanding of 
natural immunity. Natural immunity is believed to be simply a matter of 
species incompatibility, protecting an animal only against those parasites that 
require specific conditions for their development differing from those possessed 
by the naturally non-susceptible host. The specificity of the parasite is here 
the critical consideration. Now let us consider briefly the genesis of specificity 
as a constitutional characteristic of a parasite. Although it is possible that 
many species of parasites are derived from free-living ancestors, which ab 
initio possessed the faculty of living in a rather restricted range of hosts, the 
evidence from systematic helminthology indicates clearly that specificity in 
the majority of parasites is the product of an evolution and all gradations of 
the phenomenon are still represented in the bionomics of different groups. 
While it is not possible to secure direct evidence of the evolution of 
specificity in a particular organism, the fact that the conditions necessary for 
the development of the larvae of even the most specific parasites are usually 
much less delimited than they are for the adult, may be regarded as strong 
evidence supporting this contention. In illustration of this, we find that the 
larvae of highly specific parasites, such as Schistosoma haematobium, Multiceps 
multiceps and Wucheria (= Filaria) bancrofti, are capable of development in 
widely divergent genera of intermediate hosts. It is further observed that as 
the development of the larva proceeds, its requirements become more and 
more delimited, until, for the maintenance of the sexually functional adult, an 
environment that is provided only by a single species of host will suffice. 
Thus far in our consideration of specificity, our attention has been focussed 
on the needs and behaviour of the parasite. Specificity, however, is a reciprocal 
relationship between two organisms, and the phenomenon must also be in- 
vestigated from the host aspect. Therefore, let us now turn to consider any 
changes that may occur in the course of the development of the host. What 
essentially happens in connection with age resistance is that the host, after 
reaching a certain age, develops characteristics that render it immune to 
particular parasites. We have seen that, for the most part, if not entirely, the 
particular parasites concerned in age resistance are less well adapted to the 
host exhibiting the resistance than they are to other species of hosts. The 
question corifronting us is, in what way have conditions necessary for successful 
parasitism changed to render an older host less susceptible than a young one? 
This question can be satisfactorily answered by elaborating the explanation 
suggested by Looss (1911, p. 240): “...it may be that the juices and tissues 
in the young individual in every species of animal have not yet the specifically 
characteristic composition found in the adult. It is a well known fact that 
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animals, which, when adult, have a marked odour, show no signs of this in 
youth; in the case of edible animals, the taste of the adult is so characteristic 
that the full grown individual can be recognised by it, but not so the young.” 
This can be extended into a general statement to the effect that, in certain 
physiological characteristics, animals do not attain their full specific status 
until the early stages of development have been completed. The young of many 
different species possess many physiological characteristics in common; or, to 
express it in elementary and rather indefinite terms, physiological changes 
along different lines develop subsequently leading to the divergence observed 
in the adult. The special considerations involved in this view are paralleled by 
the anatomical changes observed in early development of different animals, 
the explanation of which is covered by the biogenetic law of recapitulation 
expounded by Von Baer. In view of this, it is reasonable to suppose that the 
closer the genetic relationship between two hosts, the more similar will be 
the conditions in those hosts when young, in so far as they will approach the 
requirements of a parasite for its existence. 

If the premise is not an erroneous one, it is not difficult to understand how 
a parasite, best adapted to live in one host, should be able to establish itself 
for a time in young individuals of another somewhat rela‘ed host, yet fail to 
accomplish this as the host grows older, and acquires specific characteristics 
that are unfavourable for the parasite. This is essentially the state of affairs 
that obtains in the majority of cases of age resistance. It is quite possible that 
further investigation in the few cases of age resistance which at present appear 
to involve a normal host-parasite association, will furnish evidence necessitat- 
ing a revision of opinion on the specific relationship of the parasite to the host. 


4. On the nature of acquired immunity. 


An outstanding difference between age resistance and acquired immunity 
rests in the fact that while the former is non-specific, the latter condition 
appears to be highly specific. Thus, an old chicken may be resistant to both 
Syngamus trachea and Ascaridia lineata, as well as to other parasites, but on 
the other hand, a dog, which has acquired an immunity to Strongyloides, is 
found susceptible to Ancylostoma caninum. While a very plausible explanation 
for age resistance can be formulated on natural grounds, the elaboration of 
an hypothesis to account for acquired immunity is much more difficult. 
Although, as we have observed, an animal may acquire an immunity to a 
specifically normal parasite, as might be expected, the tendency to do this is 
greater when the species of parasite involved is one with which the host does 
not have an autochthonous relationship. 

It is patent that a very distinct change has been induced in the physio- 
logical constitution of the immune host as a consequence of the specific 
infection. At present we have no knowledge of the nature of the allergy. It 
may be that the presence of larvae encysted in the muscles in the rat, and 
possibly of Schistosomes walled off in the tissues of the liver, spleen, and 
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other organs in the horse, are of importance in maintaining the condition of 
non-susceptibility to reinfection reported in these hosts. Although it would 
be difficult to eliminate the possibility entirely, it seems hardly probable that 
latent infections of Toxocara canis and of Strongyloides stercoralis persisting 
undetected in the dog, confer a condition of premunition similar to that which 
is held responsible for the immunity in malaria, syphilis, and several other 
blood infections. 
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SOME NEW PARASITIC NEMATODES AND CESTODES 
FROM JAVA. 


By H. A. BAYLIS, M.A., D.Sc. 
(Published by permission of the Trustees of the British Museum.) 
(With 9 Text-figures. ) 


THE species described in this paper were contained in a collection of parasitic 
worms made in Java by Dr. E. Jacobson, and sent to Prof. G. H. F. Nuttall, 
F.R.S., by whom the material was kindly forwarded to the writer for deter- 
mination. 

Type specimens of these new species will be deposited in the British 
Museum (Natural History) and in the Molteno Institute of Parasitology, 
Cambridge. 

NEMATODA. 

Family HeTERAKIDAE. 
Subfamily Heterakinae. 
Spinicauda longispiculata, n.sp. 
(Fig. 1.) 

This species occurred in the intestine of Gekko gecko [Gecko verticillatus] at 
Samarang. The males measure about 7-7-5 mm. in length and 0-28—-0-35 mm. 
in maximum thickness, while the females are about 7-5-8 mm. long and 0-3- 
0-39 mm. thick. The cuticular striations are at intervals of about 0-005 mm. 
Narrow lateral alae run throughout almost the whole length of the body, 
beginning at about the level of the nerve-ring. The oesophagus, including 
the posterior bulb, measures 1-03-1-3 mm. in length in the male and 1-2- 
1-45 mm. in the female. Its anterior portion is modified into a pharynx 
measuring 0-08-0-1 mm. in length. The large, pyriform bulb measures 0-2- 
0-25 mm. in length and 0-15-0-21 mm. in width at its widest (posterior) part. 

The nerve-ring is situated at 0-38-0-45 mm., and the excretory pore at 
0-68-0-8 mm., from the anterior end. 

The tail of the male measures 0-28-0-3 mm. in length, is conical and ven- 
trally curved, and ends in a narrow, pointed spike. The chitinoid border of 
the preanal sucker has an outside diameter of 0-05-0-0625 mm. The floor of 
the sucker is capable of being depressed by its special musculature, but in 
some specimens is relaxed to such an extent that it projects beyond the edge 
of the sucker (Fig. 1, s.). The caudal papillae are numerous (apparently at 
least 20 pairs). Some of them are extremely small and difficult to detect. 
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Eight pairs are definitely postanal. Of the posterior three pairs, two are sub- 
dorsal and one subventral. The most anterior postanal pair consists of large, 
lateral papillae. The rest of the papillae are ventral or subventral. At the 
sides of the sucker there are two pairs of large papillae, the rest of the preanal 
papillae, including a very prominent pair on the 
anterior lip of the cloaca, being much smaller. The 
spicules measure 0-625-0-68 mm. in length. They 
are stout and tubular proximally, with an ex- 
panded root which is bent in a characteristic 
manner towards the ventral surface. Distally they 
are alate and tapering, ending in sharp points. 
The whole surface of the spicule has a tessellated 
appearance. There appears to be an ill-defined, 
chitinoid mass in the dorsal wall of the cloaca, 
representing the accessory piece, but its shape 
has not been clearly made out. It seems to have 
a small terminal process lying just within the 
cloacal opening. 

In the female the tail is conical and 0-34- 
0-38 mm. long. The posterior lip of the anus is 
very prominent. The vulva is situated at 3-3-5 
mm. from the anterior end of the body, and the 
vagina runs posteriorly from it. The eggs generally 
measure 0-075-0-083 mm. x 0-045-0-047 mm. 
Their size is, however, very variable. In one worm, 
besides eggs of the average size, some were seen e 
measuring as much as 0-1125 x 0-055 mm. 

Posterior end, lateral view. 

This form differs from all the other species 51, anterior postanal papilla; 
assigned to the genus in the greater length of _—_p*. one of the two large papil- 
the spicules of the male. The nearest approaches _!#° t side of sucker; s. sucker; 

sp. spicules, 

to it are made by S. campanula (v. Linstow, 
1899), with spicules 0-46 mm. long, and S. spinicauda (Olfers, 1819) with 
spicules 0-43-0-45 mm. long. S. sonsinoi (v. Linst., 1894) and S. icosiensis 
(Seurat, 1917) are said to have spicules measuring 0-35 mm. and 0-36 mm. 
respectively. While these four species occur in various other lizards and in 
chamaeleons, no Spinicauda seems hitherto to have been found in a gecko. 


Family OxyuRIDAE. 
Subfamily Oxyurinae. 
Auchenacantha galeopteri, n.g., n.sp. 
(Figs. 2-5.) 
This species occurred in large numbers in the intestine of Galeopterus 
variegatus at Cheribon. Both sexes were present, but the males were com- 
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paratively scarce. The male measures 3-5-3-8 mm. in length and 0-12-0-15 mm. 
in maximum thickness. Adult females are 9-5-11 mm. long and about 0-3 mm. 
thick in the middle region. The head is provided with six small lips, which are 
produced anteriorly into delicate, outwardly-curved cuticular flanges. Two 
of the lips are lateral in position and four submedian. Their inner surfaces 
are lined with somewhat thickened cuticle, forming a small buccal cavity or 
vestibule. There is a pair of relatively large lateral and apparently two pairs 
of very small submedian cephalic papillae. In addition, each lip bears what 
may be a small papilla. 

A pair of cervical alae begin at the level of the lips, and reach their maxi- 
mum width at about the level of the oesophageal bulb. Behind this they 
diminish rapidly, and soon disappear in the general cuticle of the body. The 
transverse striations of the cuticle are very highly developed in the oesophageal 
region, where they assume the form of prominent annulations at a maximum 
interval of 0-0125 mm. in the male and 0-02-0-025 mm. in the female. Begin- 
ning at about the fourth such annulation from the anterior end, these have 
their posterior edges armed with a number of spines. The spines appear to 
be formed as longitudinal thickenings of the annulations, and are arranged in 
definite longitudinal rows. Anteriorly they are large and arranged in three or 
four rows in each of the four submedian fields. More posteriorly they become 
much smaller, and at the same time the number of rows of spines in each sub- 
median field is gradually increased up to about 12. The spines cease a little 
in front of the excretory pore, which is situated in a longitudinal ventral 
groove, and lies, in the female, at 1-6-1-7 mm. from the anterior extremity. 
The transverse striations behind this point become very fine, but are some- 
what coarser again on the tail in the female. 

The oesophagus begins with a slight bulbous swelling behind the buccal 
cavity, this swelling containing an apparatus of three horseshoe-shaped valve- 
like structures. The portion of the oesophagus following this, as far as a point 
about 0-21 mm. from the anterior end (female) is differentiated as a kind of 
pharynx. The rest of the cylindrical portion of the oesophagus has its three- 
sided lumen lined with a transversely striated cuticle. At its posterior end 
there is a distinct pyriform bulb containing a valvular apparatus. This bulb 
measures 0-07-0-075 mm. in length and 0-052—0-055 mm. in width in the 
male, 0-17 mm. and 0-11—0-13 mm. respectively in the female. The oesophagus, 
including the bulb, is 0-8—0-9 mm. long in the male, and 1-85 mm. in the female. 
The nerve-ring is situated at about 0-125 mm. from the anterior end in the 
male, and about 0-3 mm. in the female. 

The male has a roughly diamond-shaped cuticular caudal expansion. (In 
some specimens this is inflated into a kind of “balloon,” but this is probably 
the result of poor preservation.) This expansion is supported by three slender, 
ray-like processes, one median and two lateral, originating from a common 
base behind the cloaca. At the sides of the cloaca are a pair of large papillae 
with double terminations, and immediately behind it apparently a small 
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Figs. 2 and 3. Auchenacantha galeopteri, 2. Anterior end, (Fig. 2) viewed en face, (Fig. 3) ventral 
view. a. cervical ala; l.p. lateral papilla; n.r. nerve-ring; s. spine. 


Figs. 4 and 5. Auchenacantha galeopteri, 3. Posterior end, (Fig. 4) lateral view, (Fig. 5) ventral 


view. 1., m. lateral and median ray-like processes; p'. preanal papilla; p*. double adanal 
papilla; s. spicule; v. ventral process. 
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median papilla. A little in front of it and near the mid-ventral line there is a 
pair of small, simple papillae. In the mid-ventral line, some distance in front 
of the cloaca, there is a remarkable, posteriorly-curved, prominent process 
having a terminal cap of refringent, thickened cuticle, and a central “core” 
with a transversely striated appearance. The function of this structure is 
unknown, but it seems almost certain that it subserves copulation in some way, 
being possibly of the nature of a “clasper.” There is a single pointed spicule, 
measuring 0-125-0-137 mm. in length, with a massive root, and no accessory 
piece. 

The tail of the female is 2-2-2 mm. long, and tapers to a fine point. The 
vulva is rather prominent, and situated at 0-2—0-3 mm. behind the oesophageal 
bulb (or about 2-2-1 mm. from the anterior extremity). The common trunk 
of the uterus is wide, and its two branches end in the posterior region of the 
body in a pair of ovaries which are both reflexed anteriorly at different levels. 
The numerous eggs are oval and thin-shelled, and measure 0-06-0-065 mm. x 
0-03 mm, 

Auchenacantha spinosa, n.sp. 
(Figs. 6 and 7.) 

This form occurred in relatively small numbers together with A. galeoptert 
in the intestine of Galeopterus variegatus at Cheribon. Unfortunately females 
only were found. Adult specimens measure 5-6 mm. in length and 0-25- 
0-33 mm. in maximum thickness. In general structure the head is very similar 
to that of A. galeopteri. The lateral alae, however, are absent in the cervical 
region, and begin only at, or a little in front of, the level of the vulva, whence 
they continue as far back as about the middle of the tail. The spines in the 
cervical region are very highly developed, especially anteriorly. The first 
cuticular ring behind the cephalic extremity is without spines. The second 
bears eight very large spines, two in each submedian field. The spines of the 
succeeding rings gradually become smaller but more numerous (up to about 
eight spines in each submedian field). They disappear a little in front of the 
vulva. The maximum interval between the transverse annulations, near the 
head, is 0-037-0-05 mm. 

The oesophagus (including the bulb) measures 0-55-0-68 mm. in length. 
The bulb is small, measuring 0-1—0-11 mm. in length and 0-055 mm. in width. 
The structure of the oesophagus is the same as in A. galeopteri, but the portion 
differentiated as a “pharynx” is very short. The nerve-ring is situated at 
0-2-0-23 mm. from the anterior extremity. 

The tail is 0-85-1-2 mm. long. The vulva is apparently normally situated 
on a prominent “hump” at about 1-2 mm. from the anterior end. The body- 
wall is, however, frequently burst in this region in the specimens available. 
The excretory pore is situated at about 0-25 mm. in front of the vulva. The 
eggs are of much more elongate form than in A. galeopteri, being sometimes 
almost banana-shaped. They measure, on an average, about 0-075 mm. x 
0-0225 mm. 
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Figs. 6 and 7. Auchenacantha spinosa, 9. Anterior end, (Fig. 6) viewed en face, (Fig. 7) ventral 
view. l.p. lateral papilla; n.r. nerve-ring; s. spine. 


Auchenacantha, n.g. 


In addition to the two species just described, there appear to be two 
previously-described forms which should be included in the same genus. 
These are Oxyuris corollatus Schneider (1866, p. 122) and Oxyuris coronata v. 
Linstow (1903, p. 114). Both are from species of Galeopithecus or Galeopterus, 
the former from the Philippines, the latter from Siam. In both cases the 
female only has been described. 

O. corollatus Schneider is a form measuring 10-5 mm. in length, or about 
the size of A. galeopteri. It has, however, a very long oesophagus (2-5 mm.), 
while it seems in several respects nearer to A. spinosa. According to Schneider’s 
description the second cuticular ring from the anterior end is armed with 
eight spines, but his figure shows 18, and as it is expressly stated that these 
spines are placed “dicht neben einander,”’ it seems highly probable that “8” 
in the text is a printer’s error for 18. The lateral alae, as in A. spinosa, begin 
far back, behind the point at which the spines cease. 

In O. coronata v. Linstow the female is 7-19 mm. long, the oesophagus 
occupying one-sixth of this length. The excretory pore is said to be situated 
at 0-43 mm. from the anterior end, and the vulva behind the middle of the 
body. The eggs measure 0-042 mm. x 0-021 mm. If these details are correct, 
it seems impossible to identify the species with either A. galeopteri or A. 
spinosa. The lateral alae begin at the anterior end, as in A. galeopteri, and on 
this and other grounds it is evident that O. coronata and O. corollatus are 
distinct forms. 

The new genus may be defined as follows. 
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Oxyurinae: Mouth with six lips, each produced into an outwardly-curved 
cuticular flange. Oesophagus with an anterior swelling containing a valvular 
apparatus, and a pyriform posterior bulb also containing valves. A more or 
less distinct “pharynx” present. Lateral alae present, either in the cervical 
region or behind it. Cuticular annulations highly developed in the cervical 
region, where they are armed with spines, arranged in a varying number of 
longitudinal series. Posterior end of male (in genotype) with a cuticular 
expansion supported by three ray-like structures, and with a small number of 
papillae in the vicinity of the cloaca. In front of the cloaca a median ventral 
process. A single spicule present. No accessory piece. Tail of female long and 
tapering. Vulva prominent, generally considerably in front of the middle of 
the body. Eggs oval or elongate. 

Genotype: A. galeopteri, n.sp., parasitic in the intestine of the “flying 
lemur,” Galeopterus variegatus, in Java. Other species: 

A. spinosa, n.sp., in Galeopterus variegatus, in Java. 

A. corollata (Schneider, 1866) in Galeopithecus volans, in the Philippines. 

A. coronata (v. Linstow, 1903) in Galeopterus temminckii, in Siam. 


CESTODA. 
Family ANOPLOCEPHALIDAE. 
Oochoristica parva, n.sp. 

This very small species occurred in the intestine of a lizard, Lygosoma 
chalcides, at Samarang. 

The length of the strobila is about 8-11 mm., and its maximum width 
0-3-0-35 mm. The width, except in the anterior or “neck” region, is very 
uniform. The scolex has a diameter of 0-22—0-24 mm., and the greatest dia- 
meter of the suckers is 0-1-0-12 mm. For a distance of somewhat over 2 mm. 
from the scolex no segmentation can be observed. In a specimen lacking 
some of the posterior segments, 43 segments were counted, of which 9 were 
gravid. In another specimen, lacking part of the anterior end but complete 
posteriorly, there were 11 gravid segments. The number of segments in a 
complete strobila may therefore be estimated at about 45. There are not 
more than four mature segments (i.e. segments in which both male and female 
organs are fully developed) before the appearance of uterine ova in the 
parenchyme. The mature segments are approximately square (0-3 x 0-3 mm.). 
The gravid segments ultimately become considerably longer than broad. 

There are 14—16 testes in each mature segment. These are situated mainly 
at the sides of the female glands, but a few lie behind the yolk-gland. The 
genital pores are situated within the anterior third of the segments. There is 
a genital atrium about 0-05 mm. in depth. The cirrus-sac is ellipsoidal and 
measures about 0-125 mm. in length and 0-07 mm. in width. 

The eggs have a thin outer envelope with a diameter of 0-0375-0-04 mm., 
and a thicker, oval, granular, inner shell measuring 0-03-0-0325 mm. x 0-025- 
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0-0275 mm. The diameter of the onchosphere is 0-02-0-025 mm., and the 
length of the embryonic hooks 0-012-0-013 mm. 

The small size of this species, and its small number of testes, seem to 
distinguish it from all the species of Oochoristica hitherto described from 
reptiles. Most of these have been tabulated by Baer (1927) and by Joyeux 
and Houdemer (1927). To the species given in the combined tables of these 
authors must be added O. fibrata Meggitt, 1927, and O. fusca Meggitt, 1927. 
0. pseudopodis (Krabbe, 1879), according to Joyeux and Houdemer’s table, 
has only 13 testes. This, however, according to Baer, is a synonym of 0. 
tuberculata (Rud., 1819), which has 15-20 testes. This is a much larger form 
than that described here, measuring up to 200 mm. in length and 2 mm. in 
width. In no other described form is the number of testes less than 20. 


Family DILEPIDIDAE. 
Dilepis jacobsoni, n.sp. 
(Fig. 8.) 

This and the following species occurred together in the intestine of Eucichla 
cyanura (a Passeriform bird of the family Pittidae) at Batavia. 

The strobila in this, the larger of the two, measures up to about 60 mm. 
in length, and has a maximum width (in the posterior or gravid region) of 
about 1-9mm. A complete strobila contains about 260 segments. Genital 
primordia begin to appear at about the 90th segment, and the segments 
become mature at about the 140th. 

The scolex is subglobular and measures about 0-57 mm. in diameter. The 
suckers are relatively small (0-17 mm. in diameter) and somewhat forwardly 
directed. The large, subcylindrical rostellum has a diameter of 0-22 mm. and 
bears two alternating crowns of 16 hooks each. The hooks of the anterior crown 
measure about 0-1125 mm. in length, those of the posterior crown about 0-08 
mm. There is an unsegmented “neck” measuring about 0-6-0-7 mm. in length. 

All the segments are considerably broader than long, and have very pro- 
minent posterior angles. The genital pores are, as usual, unilateral, and are 
situated at about the middle of the right lateral border of the segment. The 
male and female genital ducts pass, as usual in the genus, dorsally to both 
dorsal and ventral excretory canals of the pore side. The cirrus-sac measures 
0-1-0-125 mm. in length and 0-0325-0-045 mm. in width, and does not reach 
the excretory canals. The vagina opens dorsally to the cirrus-sac, and leads 
into-a large, subglobular or pyriform receptaculum seminis, situated con- 
siderably to the right of the middle line of the segment. The vas deferens is 
much coiled, the greater part of its coils lying in the anterior portion of the 
segment and to the right of the middle line. There are about 22-24 testes, 
lying in the posterior portion of the segment in two fairly well defined groups. 
The ovary occupies the middle portion of the segment and is distinctly divided 
into two groups of follicles, joined by a “bridge.” The shell-gland and vitelline 
gland lie a little to the right of the middle line. 
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The eggs in the gravid segments have three membranes, of which the outer- 
most has a diameter of about 0-0875 mm., the middle of about 0-05—-0-055 mm., 
and the innermost (closely surrounding the onchosphere) of about 0-04- 
0-0425 mm. The embryonic hooks are about 0-0175 mm. in length. 
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Fig. 8. Dilepis jacobsoni. Mature segment, ventral view. c.s. cirrus-sac; ¢., e. excretory canals; 
ov. ovary; r.s. receptaculum seminis; t. testis; v.d. vas deferens; vit. vitelline gland. 


Dilepis javanica, n.sp. 
(Fig. 9.) 

Host: Eucichla cyanura (together with D. jacobsoni). 

Locality: Batavia. 

This is a smaller species than D. jacobsoni. The strobila attains a length 
of 17-19 mm. (after mounting in balsam), and a maximum width of about 
0-6 mm. The number of segments is about 108-112. Genital primordia appear 
at about the 40th segment. The segments become mature at about the 80th 
or 90th, though the male organs are well developed considerably before this. - 
All the segments are rather broader than long, and have prominent posterior 
angles. 

The scolex is very similar to that of D. jacobsoni, but smaller. Its diameter 
is 0-32-0-4 mm. The suckers measure 0-15-0-17 mm. in greatest diameter. 
The rostellum is relatively very large, measuring 0-15-0-18 mm. in diameter. 
It bears two crowns of 16 hooks each. The hooks of the anterior crown are 
about 0-0925 mm. long, those of the posterior about 0-0825 mm. The un- 
segmented “neck” is short (not more than 0-2 mm.). 

The general anatomy of the segments is similar to that of D. jacobsoni. 
The cirrus-sac is elongate and fusiform, measuring about 0-125 mm. x 0-01 mm. 
It extends beyond the excretory canals and is directed obliquely forwards at 
its inner end. The coils of the vas deferens extend beyond the middle line of 
the segment. There are from eight to twelve relatively large testes, occupying 
almost the whole of the posterior half of the segment. The vagina opens 
dorsally to the cirrus-sac, and has a fusiform expansion near its opening. It 
crosses the vas deferens and enters a large, spherical receptaculum seminis, 
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usually situated not very far to the pore side of the middle line. The ovary 
consists of a mass of large follicles occupying a large part of the anterior half 
of the segment. 

No fully gravid segments or fully-formed eggs were observed. 
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Fig. 9. Dilepis javanica. Mature segment, dorsal view. c.s. cirrus-sac; ¢., e. excretory canals; 
ov. ovary; r.s. receptaculum seminis; ¢. testis; vag. vagina; v.d. vas deferens. 


The two species just described are readily distinguishable from the forms 
already known from Passeriform and Coraciiform birds by the number and 
size of the rostellar hooks. The nearest species as regards the size of the hooks 
appear to be D. undula (Schrank, 1788) and D. brachyarthra (Cholodkovsky, 
1906). The former, however, has 46-50 hooks, those of the two crowns mea- 
suring respectively 0-073-0-11 mm. and 0-063-0-092 mm., according to Krabbe, 
or both 0-092-0-099 mm., according to Neslobinsky. The latter has 70 hooks, 
those of the two crowns measuring 0-078-0-105 mm. and 0-068-0-082 mm. 
respectively. 
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BUXTONELLA SULCATA JAMESON, 1926 (PROTOZOA, 
CILIATA): CYSTS AND CYST FORMATION. 


By ELERY R. BECKER anp T. 8. HSIUNG. 
Department of Zoology, Iowa State College. 
(With 7 Text-figures.) 


JAMESON (1926) has described from the caeca of cattle a ciliate belonging to 
the family Isotrichidae to which he has given the name Buztonella suicata. The 
most prominent character of this ciliate is a dorsal ridge running in a wide 
sweeping curve from one end of the body to the other with a groove running 
down the middle. Other characters of importance are a peculiar indentation 
near the mouth and the not uncommon occurrence of the macronucleus in two 
separate rounded portions. Roundish oval cysts of this ciliate, 80 to 100 
microns in length by 60 to 80 microns in width, were also found by him. 

Becker and Frye (1927) found in the faeces of eight out of twenty-eight, 
calves some almost spherical cysts of a ciliate from 65 to 84 microns in dia- 
meter. They suggested that the cysts might be those of B. sulcata, although 
they were almost round, and not roundish oval as Jameson had stated. We 
have recently examined the faeces of eight more calves at the Iowa State 
College dairy farm and in two of them found cysts, most of which were spherical 
or sub-spherical. Fortunately, in one of the two specimens containing cysts, 
trophozoites and encysting forms were also present in considerable numbers. 
A microscopic study of the trophozoites has shown that the trophozoites were 
those of B. sulcata (Figs. 1, 2 and 3), since they agree in every detail with the 
description and figures of Jameson. The size of our trophozoites ranges from 
43u x 394 to 1234 x 784, measurements which are consistent with those 
given by Jameson. 

The mature cysts which we observed were either spherical or sub-spherical 
(Figs. 6 and 7); some of them were slightly pinkish. A bean-shaped macro- 
nucleus, a globular micronucleus near or in its middle depression, one or two 
contractile vacuoles, and food particles of the nature of bacteria and fungus 
spores were the most prominent inclusions. The cytoplasm is coarsely granular 
except for a clear periphery of ectoplasm; when viewed in a favourable position 
the ectoplasm appears thickened at one point (Fig. 7, ) where a small indenta- 
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Figs. 1-7. Buztonella sulcata Jameson 1926. (All drawings x ca. 605.) 
Fig. 1. Trophozoite, dorsal view. 

Fig. 2. Trophozoite, viewed from the right. 

Fig. 3. Trophozoite, dorsal view showing macronucleus in two portions. 
Figs. 4-5. Encysting form, ovoid. 

Figs. 6-7. Mature cysts. 
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tion occurs in the wall of the encysting forms as described below. The measure- 
ments in microns of 49 of these mature cysts are as follows: 


Length Width 
Range... ae ove 55-90 53-90 
Mean ... 71-3 + 0-74 70:5 + 0-72 
Standard deviation ... 7-76 7-47 
Coefficient of variation 10-9 % 10-6 % 


Of 49 cysts measured, 36 were exactly spherical; 39 were from the calf in 
whose faeces no trophozoites were found. Ten mature cysts were obtained from 
the calf in which encysting forms and trophozoites occurred. The cyst which 
departed most from the perfect sphere was one which measured 87 by 80x. 
As stated above, the mean length of 71-3 + 0-74y corresponds quite closely 
with the mean width of 70-5 + 0-72y. 

We believe that Jameson observed the encysting forms in the caeca and 
that he mistook them for cysts. We found such forms with the trophozoites 
and mature cysts in the faeces of one calf (Figs. 4 and 5). The encysting forms 
are ovoid, retaining for a period the shape of the ciliates. These lose their cilia 
and the cyst wall appears. Movement is observable within the young cyst and 
the striation of the cuticle is often noticeable. As the cyst matures it becomes 
more and more rounded and finally spherical. 

Regarding the thickening of the ectoplasm previously mentioned, Jameson 
writes: “On the left ventral side (of the trophozoite), slightly posterior to the 
level of the mouth, there is a curious indentation which at first sight looks 
very like the mouth, but which in reality does not open into the endoplasm.” 
This indentation is shown in the trophozoite represented in our Fig. 2, 7; in 
the encysting ovoid forms it is represented by a short linear indentation near 
the anterior end at the point where it was present in the trophozoite. When 
viewed at the margin it appears merely as a dent (Figs. 4 and 5,7). In the 
nearly mature cyst the dent is still present (Fig. 6,7). In the mature cyst the 
dent has smoothed out, but a thickening of the ectoplasm still remains at this 
point, thus giving us a clue to the polarity of even the spherical mature cyst. 
In making our measurements we sought, whenever possible, to make this spot 
the anterior pole of the long axis. 
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ON NATURAL CONTROL. 


By W. R. THOMPSON, Pu.D., D.Sc. 
Imperial Bureau of Entomology. 


THERE can be no doubt that reasoning by analogy contributes enormously to 
the progress of Science by suggesting the hypotheses which form the basis of 
experimental investigation. But although it is useful, it is also dangerous and 
it is not infrequently the source of plausible but inaccurate and misleading 
catchwords. 

An example of this is to be found in the comparison of the Universe with a 
machine. In this comparison, there is no doubt some value and certainly 
more truth than there is in the notion, which periodically reappears in biological 
and philosophical literature, that the Cosmos is an organism. Nevertheless, 
the idea that the Universe is a machine is in many ways inadequate and in- 
exact, and like other plausible but inadequate conceptions, it has given rise to 
a good deal of confused thinking in regard to natural processes. This seems to 
be particularly true in regard to what is commonly known as natural control. 

By natural control, we mean the check exerted on the multiplication of 
organisms by natural, as opposed to artificial environmental factors. Ever 
since the work of Malthus on population, the enormous disproportion between 
the reproductive powers of organisms and the multiplication that actually 
occurs, has been among biologists a theme for commentary and discussion. 
Huxley calculated that the progeny of a single Aphis, would, in the course of 
ten generations, supposing all survived, “contain more ponderable substance 
than five hundred millions of stout men; that is, more than the whole popu- 
lation of China.” The third chapter of the “Origin of Species” is largely 
devoted to questions of this kind, the consideration of which formed an im- 
portant part of the argument of Darwin in favour of the hypothesis of Natural 
Selection. 

The fact that the variation in numbers of the larger and more striking 
elements of a fauna or flora is not obvious and escapes attention, unless it is 
made the object of special study, gives rise to the idea that their numerical and 
specific composition is approximately constant over long periods. An analogy 
with physical systems, which has recently been embodied in the terms, proposed 
by Chapman!, of “biotic potential” and “environmental resistance,” has led 
naturally to the conception of organic groups as constellations of forces in 
equilibrium. Any unusual increase in the numbers of a species is commonly 

1 Animal Ecology, Minneapolis, Minn., 1925. 


270 On Natural Control 


said to be due to a rupture of the Natural Equilibrium. When a reduction in 
numbers occurs, it is considered to be due to the operation of forces which tend 
to the restoration of the Natural Equilibrium. That there are in fact in Nature 
certain special “regulatory” forces or agents is a common belief which finds 
expression in many standard works. Thus Caullery! describes entomophagous 
insects as by far the most effective natural regulatory agent in regard to the 
multiplication of a very large number of insects. Elton suggests that there is 
for most organisms one special “limiting factor,” by which their ability to 
reproduce and spread is primarily conditioned, the organism being excessively 
susceptible to variations in the intensity of this factor, but more or less 
indifferent to variations in the intensity of others. 

Whatever be the real origin of these ideas, it is certain that they have a 
logical connection with the conception of the Universe as a mechanical system. 
If the equilibrium of such a system be disturbed by the application of a force 
at a certain point, a force of equal intensity, acting in exactly the opposite 
direction, is required to restore it. Similarly, in a moving mechanism, ir- 
regularities in action are provided for by regulatory arrangements, designed 
to compensate for certain special defects. Thus “racing” in engines is checked 
by “governors”’ acting in such a way that an increase in speed of the flywheel 
causes a gradual application of brakes and, consequently, a reduction of speed. 
“Control” in mechanisms is thus due in any given case to the action of some 
positive regulatory factor exactly adapted to a given end, and, consequently, 
of a very definite and restricted type. The conception of the Universe as a 
machine, or as a system in equilibrium, leads naturally to the idea of positive 
regulatory mechanisms or, in other words, to the idea that the natural control 
of a given organism is due to some specific agency, in the absence of which an 
outbreak naturally occurs. Some of the recent proposals to investigate “the 
causes of insect outbreaks” seemed to be based principally upon this idea. 


Il. 


However, this conception of natural control does not agree with the facts. 
Few really extensive studies of the natural control of organisms have been 
made; but during the period from 1919-1928, the writer with assistants 
carried on, on behalf of the United States Bureau of Entomology, a general 
study of the European Corn Borer (Pyrausta nubilalis Hubn.) and its con- 
trolling factors, in all the main bioclimatic regions of Europe, in which the 
species occurs. The results of this study have been published elsewhere in 
detail. The conclusions reached were, briefly, that the control of Pyrausta 
nubilalis in Europe is not due to any simple cause, but is produced by a com- 
plex group of agricultural, meteorological and parasitic factors. The composition 
of this group of factors is not constant over the whole range of the Corn 
Borer but varies both quantitatively and qualitatively in the different zones 


1 Le Parasitisme et la Symbiose, Paris, 1922. 
2 Animal Ecology, London, 1927. 
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inhabited by the insect, and also, though to a lesser degree, in different genera- 
| tions and years in the same zone. No real outbreaks were observed during the 
, period covered by the investigations. Control was thus maintained, but there 
was no evidence that it was in all regions or even in the majority, the work of 
any one factor. Certain factors, indeed, were more consistently important than 
others, but no one factor was definitely and demonstrably capable of control- 
ling the Corn Borer in the absence of the others. 

The information available concerning the natural control of numerous 
other insects, though less complete in most cases, tends in general to support 
the results cbtained from the study of the European Corn Borer, so that we 
see insects controlled in one season or in one district mainly by drought, in 
another by excessive cold, in another by fungous disease, and in a fourth by 
. parasites, though several of these and others as well generally act together in 
many regions. 


*, Ill. 


Elton has suggested in his excellent book on Animal Ecology that there is 
for most species one particular “limiting factor,” in relation to which the 
| organism is extremely sensitive, though variations, even of considerable 
amplitude, in the intensity of other factors, affect it very little. “‘ Animals are 
not completely hemmed in by their environment in any simple sense,” says 
| Elton (l.c. p. 41), “but are nearly always prevented from occupying neigh- 
bouring habitats by one or two “limiting factors” only. 
It would be extremely convenient and would simplify to an enormous 
degree the work of the ecologist and of the practical entomologist, if this view 
were correct, but there is, unfortunately, no very solid ground for supposing 
that it is. It may be true that when the effect of variations in the various en- 
vironmental factors of a given organism is tested under laboratory conditions, 
it is found to be intolerant of variations of relatively few of these factors and 
tolerant of large variations of the majority of them, or intolerant of small 
variations of a very small number. Nevertheless, this information would not 
necessarily enable us to determine with certainty the actual distribution of 
{ the species in nature, nor would it necessarily provide the true explanation of 


l its variations in numbers. An area within the limits of distributions as deter- 

mined by the alleged limiting factor will not necessarily contain the species 
considered at all points within its borders. The species may not be able to exist 
, outside the area considered, but on the other hand, it will not necessarily exist 
; everywhere within it, and even where it does exist it may vary very greatly 
in numbers owing to the action of factors to whose variations it is indeed 
comparatively tolerant but which exert a marked effect upon it either because 
; of the extreme intensity of their action over large areas or because of their 


numbers, the combined action of several factors, each of which taken 
separately, cause only a slight mortality, being as important as that of one of 
the so-called “limiting factors.” 
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It must be remembered that the combination of one “limiting factor” with 
a group of indifferent factors, though relatively easy to produce in the labora- 
tory, is not likely to occur again with any uniformity in nature simply because 
of the tremendously complex variations in environmental conditions from 
point to point, even in comparatively small areas. 

The idea that the distribution of an organism is chiefly determined by the 
action of one or two “limiting factors” is, it seems, an a priori conception 
which is not in agreement with the facts. The reduction of reproductive rate 
preventing an increase or determining an actual decrease in numbers seems due 
in the vast majority of cases to complex combinations of factors, of which 
different members dominate in different times and places. 


IV. 


It is true, as I have explained in detail in a previous paper’, that the effect 
of certain lethal factors may be much less than it appears to be, because, even 
if these factors were absent, they would be, to a large extent, automatically 
replaced by others. Thus, suppose we have an insect population of which 
50 per cent. succumbs owing to low temperatures during the winter months. 
If, previous to the winter a predator kills off 30 per cent. of the population, 
the total kill effected by the two factors working together will be 

0-3 + (1 — 0-5) 0-3 = 0-3 + 0-35 = 0-65. 

The disappearance of the predator would mean a fall of not 30 per cent., but 
only 15 per cent. in the mortality; while in other cases the elimination of 
factors of this type would have even less effect. Nevertheless, the effect, 
though less than it appears, is quite real and though it may be slight would 
make just the difference between stability and increase of population, or, in 
other words, between control and an outbreak. It is thus quite safe to say that 
when we examine the actual causes of mortality in a given case, and find that 
there are a number of these acting together in a given region, control really 
is effected by the combination of these factors and not by one particular factor 
which would be effective whether the others were present or not. 

There can be little doubt that the majority of organisms are kept in control 
by a complex of factors, varying in composition both quantitatively and 
qualitatively in different geographical areas or even localities. The idea of 
specific limiting factors can hardly provide us with a general solution of the 
problem of natural control. 

The notion that the natural control of a given organism is not necessarily 
produced by any specific controlling or limiting factor, but by a heterogeneous 
assemblage of different factors, is at first sight rather confusing. If control 
results in different places from the action of different factors, it is obviously 
impossible to express the facts concerning it in any definite formula of general 
application; and if no specific agent of control can be found for a given species, 


1 Parasitology, 20, 90, 23 April 1928. 
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how can we arrive at any general solution of the problem of insect outbreaks? 
Again, it is not surprising that in a given district, a certain combination of 
factors should produce control, but that different combinations should also 
produce control at other points seems remarkable. Supposing that a certain 
factor F', acting at a certain intensity is actually responsible for a certain 
fraction of the mortality necessary for control, one would expect that the 
disappearance of this factor, or a diminution in its intensity, would result in an 
outbreak, that in a district where F, is absent, it should be replaced by another 
factor F,, also acting at an intensity sufficient to prevent increase, is singular; 
and that such an exactly calculated assemblage of different factors should 
occur at a large number of different points seems, on the face of it, extremely 
unlikely. One would be led by this chain of reasoning to suspect that the 
diversity of the complexes of controlling factors is more apparent than real 
and that the disappearance of many of them from the field of action might not 
have any noticeable result. In other words, one would be led back to the idea 
that control is produced by certain specific limiting factors, whose essential 
importance is merely masked by the action of other factors, apparently effective, 
but really unnecessary for the maintenance of control. 


But these and kindred difficulties arise simply from a misconception of the 
problem and from a failure to recognise what is, in the last analysis, the 
fundamental cause of natural control. 

The simple truth is that the natural control of organisms is primarily due, not 
to any complex cosmic mechanisms or regulatory factors, but rather to the intrinsic 
limitations of the organisms themselves. 

Every organism has certain specific characteristics which, though they 
actually oscillate about a mean, may be considered for practical purposes as 
fixed. These specific characteristics imply and indeed include specific needs. 
An environment which meets these specific needs is, for a given species, the 
optimum environment. Given this optimum environment, indefinite increase 
at a specific rate is possible. 

But the environmental conditions of the globe vary from point to point and 
are probably in no two places exactly alike. From this it follows that at a 
given moment, in a given area, the precise environmental complex constituting 
the optimum for a given species will be found at relatively few points. 

This is the real reason why organisms and, in particular, injurious insects 
do not often increase to the point where they are devastating plagues. The 
fundamental constitution of the universe, composed of a multitude of speci- 
fically different and interacting things, living and non-living, necessarily 
implies a limited possibility of existence for any particular one of them. The 
fact that there are species, i.e., a variety of essentially limited things, means 
that their ability to increase is necessarily limited. 
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The world being what it is, control, or in other words, a condition under 
which an organism cannot realise all of its potentialities is therefore normal and 
outbreaks abnormal. 


VI. 


An excessive reverence for the idea of adaptation and the assumption that 
organisms are indefinitely plastic and capable of fitting themselves into almost 
any situation at relatively short notice, has led to some rather inaccurate 
statements on this subject. In his introduction to Elton’s Animal Ecology, 
Julian Huxley suggests (p. 14) that there is for any given species an optimum 
density of numbers and that there are, as it were, cosmic mechanisms whereby 
“the actual density of population is regulated toward the optimum.” Elton 
himself affirms that “every animal tends to have a certain suitable optimum 
which is determined by the habits and other characteristics of the species in 
question.” It is clear that no such inherent tendency toward an optimum 
density of population can possibly exist. One reason is, that there is no such 
thing as an absolute optimum density of population. The density best suited 
to the species depends upon circumstances. When food is abundant we may 
have a thriving and healthy population of a thousand individuals for each unit 
of area; when it is rare, a population of five hundred might produce premature 
exhaustion of the available food supply, having as a consequence the local 
extermination of the species. But a diminution or increase in the food supply 
might come about in a great many ways through the complex action and 
interaction of a great multitude of diverse causes. In fact, in order to maintain 
the population of the species at an optimum density, the inherent tendency 
would have to adjust matters in relation to future contingent events. Now we 
are ready to admit and have indeed maintained that instinct is a very marvel- 
lous thing and involves the disposition of things in relation to ends as yet 
unknown, but no instinct however remarkable is able to arrange matters in 
regard to future events brought about through the play of pure chance. 

It is therefore quite impossible to admit that organisms possess any instinct 
or inherent tendency to the maintenance of their populations at a density 
advantageous to them, or that there are any cosmic mechanisms working 
to this end. The examples cited by the authors we have mentioned in support 
of their hypothesis indeed demonstrate this clearly. Thus Elton states that 
a lighthouse keeper in Berlenga Island, off the coast of Portugal, introduced 
cats to kill off the rabbits, which they did so effectively that they ultimately 
ate every single rabbit on the island, after which they starved to death. 

There is nothing in this which supports the idea of an inherent tendency 
toward an optimum density. What the example really shows is that organisms 
multiply without any regard to the interests of the species as a whole. Whether 
the rate of multiplication, having regard to actual circumstances, is harmful, 
indifferent or beneficial to the species is entirely a matter of chance. 
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Vil. 


When conditions in a locality inhabited by a given species approach the 
optimum, the species autymatically increases in numbers. This increase con- 
stitutes what we call, technically, an outbreak, which is of necessity, as we have 
already said, an abnormal phenomenon. The organism considered may con- 
tinue to increase in numbers for a considerable time, but it obviously cannot 
go on increasing indefinitely. As it increases in numbers it necessarily spreads, 
both in space and time. As it spreads, it moves to points outside its optimum 
environment, when its rate of multiplication immediately diminishes. Further- 
more, as the population of the species becomes more numerous, the action it 
exerts upon its environment, both indirectly and directly, increases in intensity, 
producing changes which are on the whole, in so far as they depend purely 
and simply on the numerical increase, disadvantageous, since they consist to a 
great extent in the progressive exhaustion of the nutritive power of the 
environment in relation to the species considered. It must also be remembered 
that the condition of the globe at any point is never constant. A region which 
to-day presents conditions optimum for a given species may depart from 
optimum conditions in the direction X next year and in the direction Y in the 
year following. 

Thus, under even most favourable conditions, there cannot be a continuous 
and uninterrupted increase in numbers, but simply an oscillating movement 
whose amplitude will vary according to circumstances, but is more likely to be 
feeble than extensive, because of the narrowly circumscribed optimum and 
restrictive adaptive powers of the majority of species. 

Whether the change in numbers of a species will take the form of an oscillating 
movement about a mean value, depends, however, on chance. Some species go 
on increasing for long periods of years. Others, in consequence of environmental 
changes producing conditions with which they cannot cope, decrease in numbers 
and disappear completely. Numberless catastrophes of this kind have oc- 
curred in the past and, though the majority of them escape notice, still 
continue to occur. The only reason why oscillation about a mean population 
value is on the whole more frequent than a steady increase or decrease, is that 
on account of the great complexity of the natural environment, changes 
unfavourable to a species do not usually occur simultaneously in all the 
localities it inhabits, so that although its numbers diminish at one point they 
increase at another. 

VIII. 


Let us now consider more particularly the factors of natural control. 

It will be clear from what has preceded, that there are not in nature any 
specific regulatory agencies, 7.e., any cosmic mechanisms specifically working 
to regulate the numbers of organic beings. Factors of control are such only in a 
relative sense, in relation to certain particular species. Thus a temperature 
which is inimical or fatal to one species may be optimum for another. This is 
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true even for parasites and predators, whose attack on one phytophagous insect 
may prevent it from exhausting the food supply and thus favour the increase 
for another which arrives on the scene somewhat later in the season. What we 
call controlling factors are, in general, only the ordinary environmental factors, 
whose controlling influence depends primarily upon the specific limitations 
and needs of the organisms upon which they act. 

There is thus an almost infinite variety of controlling factors differing not 
only according to the organic species, but also according to the particular point 
in space and moment in time considered. Nevertheless, for practical purposes 
the natural factors of control may be divided into two great classes—the 
biotic or organic factors comprising living organisms and the abiotic or in- 
organic factors comprising physico-chemical forces and influences of various 
kinds. 


IX. 


The interrelation between living organisms falls into two main categories— 
the indirect and the direct. Every organism has an effect upon its fellows 
through its general action upon the common environment, which it both 
impoverishes and enriches in a manner peculiar to its species. The effect of 
such indirect relations on the formation and development of biological as- 
sociations is undoubtedly enormous. During the course of its ordinary existence 
and in the pursuit of its own ends, the organism prepares an environment in 


which certain of its associates will flourish, but from which others will be 
excluded. For example, the larvae of some mosquitoes are apparently unable 
to live in water containing certain species of Chara’. This is what may be 
termed indirect biological control. 

Any organism which habitually injures or destroys others is a factor of 
biotic control. Since all animals and many protozoa, bacteria and fungi, as 
well as certain of the higher plants, prey upon and develop at the expense of 
living things, the number of controlling factors of this group is very large. 
However, since they are without exception essentially limited in character 
and distribution, only a very few at most come into play in any given case. 

The vast majority of parasites, predators and pathogenic organisms require 
for their continued existence and propagation, not merely the presence of 
certain hosts, but also a certain definite complex of environmental conditions 
quite independent of the host. The distribution of these organisms in space 
and time therefore does not necessarily coincide with that of the species on 
which they are found acting at certain points at certain seasons. This is true 
not only in the case of fungous, protozoal and bacterial diseases, whose 
influence is notoriously limited, sporadic and uncertain, it is also true of the 
predaceous and parasitic enemies of insect pests. Biologists have long been 
accustomed to ascribe to entomophagous parasites and predators the principal 
réle in the limitations and suppression of insect invasions. “Les Insectes 


* Matheson and Hinman, abstr, in Rev. of Appl. Ent., 16, B. 
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Entomophages,” writes M. Caullery (l.c.), whom we may cite again on this 
point, “sont aussi l’agent regulateur naturel de beaucoup le plus efficace, de 
la multiplication d’un trés grand nombre d’Insectes, avant tous des Lepido- 
ptéres. En particulier ils constituent un facteur de premiére importance dans 
la lutte contre leur propagation excessive.” That this estimate of the part 
played by insect parasites in the prevention and the control of the outbreaks 
of their hosts corresponds to the general belief is certain. The real facts 
are, however, that parasites and predators play very little or no part in the 
economy of many insect pests, that even when they are present their action 
is often purely local, and that the cases in which control can be definitely 
ascribed uniquely or even principally to their action, are rather uncommon. 
The fundamental reason for natural control, as we have already stated, is 
simply the fact that every insect pest, like every other organism, requires at 
every moment of its life-history a special habitat which exists only at a few 
points. 
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X. 


One character of the optimum habitat, in species having parasites and pre- 
dators, is of course the absence of these enemies. But the physical factors of 
the environment are equally important. In order to persist, reproduce and 
multiply, the organism requires not only its food, but also a precise delicately 
adjusted combination of the physico-chemical qualities. The optimum com- 
bination for any species is definite and irreplaceable. Abnormal heat is not 
corrected by abnormal moisture, nor abnormal drought by abnormal cold. 
One combination alone is perfectly suitable for a given species. An organism 
has therefore only to emerge at any moment in its life-history from its specific 
habitat to be exterminated or at least weakened by environmental in- 
fluences. The more complex and elaborate the life-history, the less chance of 
survival, other things being equal. 

The reason why the control of insect pests is principally effected by the 
physico-chemical factors, instead of by entomophagous insects, as is commonly 
believed, is at first sight, perhaps, not obvious, but it is a very simple one. It 
is that parasitic and predaceous control is effected by specific organisms whose 
distribution in time and space is limited by their specific requirements, of which 
the presence of the host organism is only one. Only a few of such organisms are 
capable of acting upon any given host because only a few are attracted by it. 
The organic factors of control are thus strictly limited both in number and in 
distribution. The physical factors of control, on the contrary, are simply 
intensities of omnipresent physical and chemical influences above or below the 
limits between which a given species can subsist. Their distribution, or, in 
other words, the range over which they will be found acting, is obviously far 
more extensive than that of the biotic factors. Thus, daily temperatures above 
the limit of toleration for a given species may occur in a long band of territory 
at practically every point in which the food plant of a given organism exists; 
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but the conditions favourable to the development of a given parasite or 
predator will be found only at certain points in such areas. Furthermore, the 
number of physical factors of control is for practical purposes unlimited, since 
any departure in either the positive or negative direction of any physical factor 
from the intensity which a given species can tolerate will eliminate it. Thus 
supposing that a given species can survive and remain active only between 
temperatures of 60° F. and 80° F.; in such a case control will be effected not 
simply by temperatures of 81° F. and 59° F., but by any temperature below 60° F. 
and by any temperature above 80° F. The same thing will be true of any physical 
factors. These factors are therefore, as has been said, unlimited in number. 

It is also necessary to remember that in order to be lethal, physical factors 
need not be of extraordinary intensity. Physical factors are indeed seldom 
lethal in themselves—we mean, in respect to all organisms. They are lethal 
only in respect to certain organisms, whose reception of their action specifies 
them as lethal. An environment which is practically normal for species in 
certain stages of development may be full of dangers at other periods of their 
existence. Young stages and transition periods in organisms with complicated 
metamorphoses are often particularly susceptible. For example, in practically 
every environment in which Pyrausta nubilalis Hubn. has been studied, a 
mortality of from 85 per cent. to 95 per cent. of the younger larvae has been 
observed. This mortality can be ascribed to nothing but the ordinary physical 
factors which are lethal because of the extreme fragility of the Pyrausta larvae 
in the initial phases of development. 

From what has preceded, we may conclude that although physical control 
is everywhere important, it is not everywhere of equal importance. The regions 
in which it is most effective are naturally those in which general conditions 
are least favourable to life in general, such as the polar zones, deserts, rocks 
and the like. The regions in which it is the least effective are those like the 
tropical rain forests, where conditions are constantly and uniformly favourable 
to life in general. Between these extremes are regions like the temperate zones, 
where favourable and unfavourable periods alternate in both the diurnal and 
annual cycle. 

The importance of the biological factors (7.e., the parasitic and predaceous 
enemies) varies, other things being equal, in an exactly inverse manner. Since 
the factors are themselves organisms, they are less likely to be present and 
abundant in regions where the conditions are unfavourable to life and most 
likely to be present and flourishing in regions where conditions are constantly 
and consistently favourable to life in general. In intermediate regions we may 
expect them to be moderately abundant like their hosts. It must also be noted 
that one of the most important factors in determining the status of the parasites 
and predators is the relative abundance of the food supply, i.e. of their hosts. 
The more perfectly uniform and continuous the distribution of the hosts, the 
more likely are the parasites to flourish. Furthermore, since the essential 
characteristic of the parasite or predator is that it increases at the expense of 
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its host the regions in which the host is abundant are those in which it is 
likely to be most effective as a controlling factor. 

We may thus conclude that such tropical regions as are favourable to life 
in general will be those in which the biological factors of control will be of the 
greatest importance as compared with physical factors; that in regions un- 
favourable to life they will be quite unimportant; and that, in the intermediate 
regions, in which are included the great temperate zones comprising the areas 
most heavily populated by and most suitable to the human race, they will be of 
only moderate importance. What part biological factors and physical factors 
respectively play in the control of any given organism in any region can of 
course be determined only by careful investigation, since the general rules just 
formulated are not always applicable. Certain species and groups of species, 
such as the Heteropterous Hemiptera, have, as far as we know, relatively few 
parasites in any region!. 

Certain species are heavily attacked by parasites and predators in one 
locality, but suffer very little in this way at other points in the same geo- 
graphical or even biogeographical area. 


XI. 


In short, as a general rule, the complex of factors which actually effects 
control in the case of any species differs in composition from point to point 
and from year to year in the area of distribution. 

It follows that there is not in general any regulating factor responsible for 
the natural control of a given species. Investigations undertaken with the 
object of discovering the “limiting factor” of an insect pest, i.e., some influence 
which keeps the species in check over the whole area of distribution, are 
therefore unpromising. The same thing is true of studies of “the causes of 
insect outbreaks,” if by this we are to understand an attempt to discover 
some general underlying influence effective in preventing the increase of all 
species. Insect outbreaks, considered in general, have no uniform and common 
cause in any environmental condition, or combination of environmental factors. 
The only absolutely general statements that can be made in regard to them is 
that they arise because the environment has for a time approached the 
optimum for the species concerned. 

Since the environments in which the organism is in control may be of many 
different types, the approximation to the optimum may be from many differ- 
ent directions and may differ in degree. Thus, in an environment which is too 
dry, a little more moisture may give rise to an outbreak; in one which is too 
cold, a little more heat will have the same effect. It is extremely difficult to 
pick out, from the immense multitude of varying and interacting factors, those 

? This is sometimes considered to be due to the possession of protective devices of certain kinds, 
but the explanation is not satisfactory. Neither systems of colorations, nor nettling hairs, nor an 


«rmour of chitinised plates, nor rapidity of movement, nor the existence of toxic principles in the 
blood prevent insects from being decimated by parasites. 
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whose variations have been important. If there is a simultaneous excess or 
deficiency in two or more factors, an approximation of one of these to the 
intensity characteristic of the optimum environment may not be advantageous, 
but the reverse. For example, if the climate is both too cold and too dry an 
increase of temperature alone or of moisture alone may have a detrimental 
effect. The simultaneous return to normal intensity of both factors may be 
necessary for increase. 

On the other hand, all environments in which outbreaks occur will not 
necessarily be similar. A numerical increase may take place in regions in which 
conditions are not, absolutely speaking, optimum, but which approximate to 
the optimum, though in different respects. Thus, suppose that a certain species 
is kept in control in one region by the combined action of several parasites 
and some form of agricultural control, and in another by an absence of moisture 
together with an unfavourable distribution of the food plant. The disappearance 
of one of the parasites from the first environment and an increase in moisture 
in the second, might lead to a simultaneous outbreak of equal intensity, the 
rate of multiplication in both cases being considerably below that occurring 
in an absolutely optimum environment, but nevertheless sufficient to cause 
extremely serious damage. It is obvious that from such cases, which are those 
ordinarily encountered in practice, it would be very difficult to extract infor- 
mation of really general value, permitting one to understand or predict other 
outbreaks. 


XII. 


We may therefore conclude that attempts to determine the causes of 
natural control and the reasons for outbreaks simply by a study of the environ- 
mental conditions are not likely to be successful, unless the species studied is 
sensitive to some one particular factor and unaffected by variations in any of the 
others. Since cases of this kind are very rare, the most promising method of 
attacking the problem is to determine the ecological optimum for the species 
considered by a careful laboratory study of its physiology and habits. It is of 
course sometimes difficult to provide, under laboratory conditions, an environ- 
ment exactly suited to the living organism. The difficulty one often experiences 
in inducing certain insects to mate and reproduce in captivity under conditions 
which appear, as far as one can tell, to differ very little from those in the 
natural habitat, shows clearly that we still have much to learn in this field. 
On the other hand, the rate of increase of many species under laboratory 
conditions so greatly exceeds what is observed under natural conditions, that 
they may be considered as being a nearer approximation to the optimum, than 
those which the organism is accustomed to encounter in the field. With the 
development of suitable apparatus our ability to control, vary and combine the 
various environmental factors is steadily increasing. By the careful study of an 
injurious insect under controlled laboratory conditions, we can, I believe, even 
now, determine the optimum environment more accurately and rapidly than 
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would be possible by attempts to analyse the natural environments of the 
species. 

At all events, it is along these lines that the problem of the natural control 
and outbreaks of injurious insects must be attacked. Outbreaks of species are 
simply due to the fact that conditions momentarily correspond or approximate 
to the ecological optimum; control means simply a departure in one or many 
directions from optimum conditions to the point where the species is just able 
to maintain itself, and below which it decreases in numbers and disappears. 
The organism with its specific behaviour and requirements is the centre of the 
problem, and it is not until we understand it that we shall find a clue to the 
fluctuations in its numbers. 


(MS. received for publication 30. v. 1929.—Ed.) 
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FURTHER NOTE ON HAEMOGREGARINA 
LEPIDOSIRENIS. 


By MARGARET W. JEPPS. 
Lecturer in Zoology, Glasgow University. 


(With 4 Figures.) 


In response to my request for specimens of blood from Lepidosiren paradoza, 
Dr G. 8. Carter and Mr L. C. Beadle very kindly made a large number of 
dried films from 34 fish caught between the dates Sept. 25th, 1926, and May 
24th, 1927. These fish were caught in the same locality in the Gran Chaco 
from which came the infected specimen of my former note (Jepps, 1927), 
on the parasite which I called Haemogregarina lepidosirenis. 

Of the 34 fish all but three were found to harbour the haemogregarine in 
their red blood corpuscles, 7.e. 91 per cent. were found to be infected. Amongst 
these three were the two smallest fishes examined, their lengths being 13 ins. 
and 15 ins. respectively. In the hope of discovering whether this fact had any 
special significance four small Lepidosiren 14-16 ins. in length, which had been 
preserved in formalin, were examined. A clot of blood was extracted from a 
renal vein and made into a smear with a little egg albumen. The smear was 
then stained with Delafield’s haematoxylin. Two were found to be infected 
with the haemogregarine. It looks, therefore, as if, within the range of size 
examined, the incidence of infection increases with the size of the fish; which 
is after all what would be expected, even in the case of an ephemeral infection, 
in the absence of any special condition such as an immunity increasing with 
age. 

In some cases the haemogregarine infection is very heavy, more than half 
the red blood corpuscles being infected, often with several parasites in a 
single cell. As many as nine or ten are sometimes found together in one 
erythrocyte. Dr Carter reports however that the infected fish were all in 
good condition, and this in spite of the fact that eleven had also in their 
pericardiac cavities an infection of a trematode larva which is being described 
in another paper. 

Examination of the blood films revealed the existence of a schizogony of 
the haemogregarine in the circulating red blood corpuscles. This, and some 
other characteristic forms of the parasite, are depicted in Figs. I and II. 
The films were taken from the various large blood vessels to be seen in the 
abdominal cavity. One hesitates to dogmatise on the relation of these forms 
to each other and to the life-cycle as a whole when none of them have been 
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seen alive, and the life-cycle is only known by analogy. However, there is 
such a close parallel between the forms observed in these films and those 
described by Reichenow (1910) and Robertson (1910) from the tortoise 
haemogregarines, which they studied alive in both their hosts, that the 
following identifications are put forward with a high degree of assurance. 

Fig. I: 1-7 shows young parasites. It may be that they are not all equi- 
valent, that they are products of processes of schizogony occurring at various 
stages in the course of the infection, or that they would develop into different 
grown forms. As later figures will show, the number of merozoites produced 
by schizogony in the blood stream varies in this haemogregarine (Fig. I: 
11, 15 and 16). Some of these “young forms” would no doubt have grown 
into another generation of schizonts (see Fig. I: 1-5), while others might 
have formed gametocytes, e.g. Fig. I: 6 and 7. Such points would perhaps 
emerge more clearly from a study of living parasites, when observations could 
be made on the changés of shape, etc. of each one. None of these “young 
forms” appears to have a capsule. 

There has been much discussion concerning the capsule of the haemogre- 
garines, the observation of which is rendered difficult by the frequent occur- 
rence of a space due to shrinkage during drying, etc., of the plasma of the 
erythrocyte around the parasite. This space is often bordered by a darkly 
staining rim, so that this is no criterion of the presence of a capsule as has 
sometimes been assumed. I have come to the conclusion that there is round 
the schizonts of Haemogregarina lepidosirenis a thin capsule, by which they 
are kept more or less bent at one or both ends (v. Fig. III). In the older 
schizonts the capsule seems to become less permeable to moisture, since they 
are less well fixed in dried films than the younger forms. 

Fig. I: 8 and 9 show young schizonts which are already enclosed in cap- 
sules, and Fig. I: 10, 11 and Fig. II: 17 (s) grown schizonts. 

Fig. I: 12 illustrates a schizont which has quitted its host cell and its capsule, 
and lies free in the blood plasma. 

Schizogony may be begun and carried through several nuclear divisions 
while the parasite retains the form of a curved vermicule as in Fig. I: 13 and 

14; but sooner or later it swells out into a large bean-shaped creature as shown 
in Fig. I: 15 and 16. The nuclei are at first spherical, and, in my films, scat- 
tered in the parasite. Later they pass towards the ends of the bean and 
become elongated (Fig. I: 16). After the protoplasm has divided up round the 
nuclei to form the merozoites some of these come to lie again towards the 
middle of the parent parasite (Fig. I: 11). Here are 9 merozoites, 8 being 
the smallest number I have observed in a segmented schizont; others contain 
about 12 or 16 merozoites (Fig. I: 15 and 16). Fig. II: 17 shows a group of 
17 merozoites which appear to have been set free shortly before or at the 
moment of making the film, probably from a single schizont; so that there 
may be a considerable number of merozoites formed by schizogony in the 
blood stream. These merozoites are the forerunners of the “young forms” of 
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previous figures. They and a very occasional schizont (Fig. I: 12) are the only 
forms observed free in the blood plasma. 

Besides these there are in the films large sausage-shaped parasites, with 
dense protoplasm. full of inclusions, as shown in Fig. II: 18 to 21. These may 
be present in considerable numbers in a film or they may be very rare. I see 
no indication that they are enclosed in capsules, which at first sight is rather 
unexpected, as I regard these as the gametocytes which are destined to pass 
unharmed into the intermediate host, and to proceed with their development 
there. Reichenow differentiates the gametocytes of Haemogregarina stepanowi 
into male and female; and it is possible to pick out certain examples from my 
films which illustrate his definitions. For example, Fig. II: 18 and 19 have 
the nucleus comparatively rich in chromatin and the rather more slender 
form characteristic of the male gametocyte, while Fig. II: 20 shows cha- 
racteristics of the female gametocyte—the nucleus scattered across the cyto- 
plasm, and the slightly stouter form. Fig. II: 21 is interesting because it shows 
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a linear arrangement of the protoplasmic structure giving the parasite a 
transversely striped appearance such as is described by Reichenow in the 
male gametocyte (only) of H. stepanowi. 

In one infection which was very heavy, and abounded in gametocytes, 
were observed the large broad forms depicted in Fig. II: 22 and 23. They 
give the impression of being slightly amoeboid, and would appear to be 
gametocytes which, perhaps on the slide, have begun to be active as they 
normally would in the intermediate host. This is known to occur quite readily 
in the malaria parasite. At any rate they resemble, alone of all the forms — 
assumed by haemogregarines so far described, the figures given by Robertson 
and by Reichenow of the active gametocytes observed by them in the gut of 
the leech. In these amoeboid forms again there is no evidence of a capsule. 

All the figures so far have been drawn from dried films, with their limita- 
tions. Schizonts have also been observed in smear preparations, which have 
not been dried at any stage. Two of these are shown in Fig. IV: A and B, 
for comparison. In A the haemogregarine is seen lying apparently free in a 
space in the erythrocyte plasma, the capsule not being visible (see also the 
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text-figure in my earlier paper); while in B the capsule is plainly seen, closely 
investing the parasite. 

These films have given what is probably a fairly complete picture of the 
cycle of the haemogregarine in the circulating blood of Lepidosiren. For 
confirmation of the interpretation here given we must await a full account of 
the life-cycle of a haemogregarine in a more easily obtained fish. 

It might be noted here that leeches and other external parasites which 
might act as vectors of the haemogregarine were looked for by Dr Carter and 
Mr Beadle, and none was ever found on the fish. To anyone who has handled 
living Lepidosiren this is not very surprising for it is exceedingly difficult to 
get a hold on the slimy skin of these fish. 

Specimens of Haemogregarina lepidosirenis are being sent to the British 
Museum. 

In conclusion I should like to thank Dr Carter and Mr Beadle for having 
given me the opportunity of studying this parasite in greater detail. 
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DESCRIPTION OF TEXT-FIGURES. 
(All figures drawn with camera from dried films stained with Giemsa’s stain.) 

Fig. I. 1 to 5: S, young schizonts. 6 and 7: Young gametocytes. 8 and 9: Young schizonts 
enclosed in capsules. 10, 11 (S) and 16: Older schizonts; C, capsule; N, nucleus of red 
blood cell. 12: Schizont free in blood plasma. 11, 13 to 16: Schizogony. 11: M, merozoites in 
parent capsule. 13: Early schizogony; 4 nuclei. 14: ? 8 nuclei in stout vermicule. 15: ? 12 
nuclei in bean-shaped parasite. 16: ? 16 nuclei in oval form. 

Fig. II. 17: Seventeen merozoites free in blood plasma; S, schizont. 18-21: Gametocytes. 18 
and 19: male; 20, female; 21, ? male. 22 and 23: ? amoeboid gametocytes from red blood 
cells. 

Fig. III. Fully grown schizont in erythrocyte, to show the capsule and the surrounding shrinkage 
space in the plasma of the red blood cell. C, capsule. Camera drawing from dried film, 
stained Giemsa. 

Fig. IV. A. Schizont in capsule, from undried film stained with Delafield’s haematoxylin after 
fixation with formalin followed by Schaudinn’s mixture. Capsule not visible. B. The same, 
but differentiated after heavy staining with Heidenhain’s iron haemotoxylin to show the 
capsule, C. 


(MS. received for publication, 9. iv. 1929.—Ed.) 


DIGESTION IN THE TSETSE-FLY: A STUDY 
OF STRUCTURE AND FUNCTION. 
By V. B. WIGGLESWORTH, M.A., M.D. 
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INTRODUCTION. 


IN view of the importance of the tsetse-fly as a vector of trypanosomal diseases 
it is remarkable that there should be so little accurate knowledge of its physio- 
logy. As soon as the trypanosome has entered the intestine of the fly, the 
chemistry of its environment is unknown; and it was the investigation of this 
environment which formed the object of the present work. 

The internal anatomy of the tsetse-fly was first studied by Minchin (1905), 
but so far as the mid-intestine, which forms the main subject of this paper, was 
concerned, he failed to recognise any natural division into regions, nor did he 
study the histology of the parts. Sander (1905) gave a description of the 
histology which agrees with Lowne’s (1895) not very accurate account of the 
gut of Calliphora but which is still less applicable to Glossina. Giles (1906) 
reproduced Minchin’s description and added an account of the proventriculus. 
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The first detailed description of the histology of the mid-gut was given by 
Stuhlmann (1907). He subdivides the mid-gut into three regions: the “fore- 
gut” running straight back, never much distended with blood, the “mid-gut” 
becoming greatly distended and showing digestion of the contained blood, and 
the “hind-gut” forming the last loop, which has thickened walls and always 
contains blood at an advanced stage of digestion. No clear-cut histological 
differences between these regions could be established. In the “mid-gut”’ he 
observed long narrow strips of hypertrophied cells, constant in all the flies 
examined and containing within their cytoplasm great numbers of little rod- 
like bodies 3-5 in length. Stuhlmann also figures and gives an accurate 
description of the proventriculus. Roubaud (1919) paid particular attention 
to the giant-cell zone discovered by Stuhlmann and showed that it appears 
in the pupa as a ring round the gut which becomes gradually more oblique 
until in the adult it forms longitudinal bands. 

The function of the various parts of the intestine has been studied from 
two aspects. In the first place attention has been given to the factors which 
affect the coagulation of the ingested blood. An anticoagulant function for 
the salivary secretion was suggested by Stuhlmann and demonstrated by 
Yorke and Macfie (1924); and recently Lester and Lloyd (1928) have shown 
that this anticoagulin is in the nature of an antithrombin, and have demon- 
strated also the existence of a coagulin factor, which presents the characters 
of a kinase, in the hinder part of the mid-gut. In the second place the actual 
digestion of the blood has been followed; but the work on this subject has 
centred almost entirely round the part played by the giant cells and the rod- 
like structures they contain. Stuhlmann regarded these structures as symbiotic 
micro-organisms, which, he states, are frequently set free into the lumen of the 
gut; and he suggested that they might break down there and liberate digestive 
ferments which play an essential part in the economy of their host. As an 
alternative hypothesis he suggested that they might give rise to substances 
which activate the process of epithelial regeneration. The former view is strongly 
supported by Roubaud, who states that the digestion of blood takes place only 
in the region of these giant cells or “mycetocytes”; he regards the organisms 
as yeasts intermediate between Saccharomycetes and Schizosaccharomycetes 
and, since similar structures are present in Melophagus and Hippobosca but 
absent from most blood-sucking flies, he sees a causal interrelationship between 
absolute haemophagy, symbiosis and pupiparity. 

Before studying the digestive enzymes actually present in the mid-gut of the 
tsetse-fly an attempt was made to confirm the observations quoted above, and 
it became apparent at once that the whole subject of the histology of the gut 
would require re-investigation. The present paper contains the results of this 
investigation which, apart from its immediate application to the tsetse-fly, 
has brought to light a number of facts of more general interest with regard to 
the proventriculus, the peritrophic membrane and the tracheal capillaries of 
the intestinal wall. The greater part of the work has been done on Glossina 
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submorsitans and G. tachinoides, but the essential results have been confirmed 
on G. palpalis'. It may be said at once that no material differences between 
these species have been detected. 

Preliminary observations were made and material was collected in West 
Africa during a research tour on behalf of the London School of Hygiene and 
Tropical Medicine. During April and May, 1928, through the kindness of 
Dr W. B. Johnson, I was able to work (on G. submorsitans and G. tachinoides) 
in the laboratory of the Tsetse Investigation at Sherifuri in Northern Nigeria, 
where I enjoyed the most generous assistance from Dr Johnson and his 
colleagues. Dr Ll. Lloyd very kindly undertook most of the dissections neces- 
sary for making the enzyme preparations, work which involved the dissection 
of some hundreds of flies. Experiments on G. palpalis were made and further 
material collected during a visit to the Sir A. L. Jones Research Laboratory 
of the Liverpool School of Tropical Medicine at Freetown, Sierra Leone, in 
July, 1928, and I am greatly indebted to Dr R. M. Gordon for the facilities and 
help which I enjoyed during this visit. 

Living pupae of G. tachinoides were posted to England from Northern 
Nigeria, but though these emerged satisfactorily and although several genera- 
tions were bred in captivity in London before the strain died out, the rate of 
multiplication was too slow to enable their use for experimental purposes. 
Many gaps in the present work could have been made good with a more ade- 
quate supply of fresh material. 

I am indebted to Dr H. B. Newham for kindly taking the photographs on 
Plate XIV and to Miss H. West for her care in cutting the numerous micro- 
scopic sections. 

OBSERVATIONS AND EXPERIMENTS. 
(i) The anatomy and histology of the mid-gut in the fasting fly. 
THE arrangement of the coils of the mid-gut, which is relatively constant and 
agrees with the description given by Stuhlmann (1907), is shown in Text-fig. 1. 
When examined in cross-section at different levels the mid-gut was found to 
consist of three distinct regions, each of which has a characteristic histological 
structure. These will be referred to simply as the anterior, middle and posterior 
segments. Their typical structure in the fasting fly? is shown in Text-fig. 1 A, 
B and C. In the anterior segment (Text-fig. 1 A), the epithelium is irregularly 
columnar and does not stain very deeply with haematoxylin. The base of each 
cell is invaginated to receive the circular muscle fibres (Text-fig. 2 B), a 
peculiar feature which is doubtless associated with the great distension to which 
this region of the gut is subjected. The middle segment (Text-fig. 1 B) begins 
abruptly, usually where the mid-gut runs transversely across the anterior part 


1 Stuhlmann worked with G. tachinoides and G. fusca, Roubaud apparently with a number of 


species. 
2 The division of the mid-gut into regions is far less obvious in the freshly emerged insect. 
There are other anomalies also in the newly hatched fly which made it more satisfactory to work 


mainly with mature insects. 
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of the abdomen, and it presents an appearance very different from that of the 
preceding region. The epithelial cells are heaped together so that in the con- 
tracted state the lining of the gut appears to be composed of many layers of 
cells, packed with deeply staining granules and possessing a free border, some- 


ABCEF, ‘3mm __, 
ABCF,_-05mm_, 


Text-fig. 1. Alimentary canal of the tsetse-fly showing the normal relations of the coils. A, A’, 
transverse section of anterior segment; B, B’, ditto of middle segment; C’,, C’, ditto of posterior 
segment; D, detail of giant-cell zone; H, transverse section through end of giant-cell zone; 
F, F’, ditto through middle of giant-cell zone, F’ showing bacteroids within the giant cells. 
1, oesophagus; 2, proventriculus; 3, duct of crop; 4, giant-cell zone; 5, junction of anterior 
segment with middle segment; 6, Malpighian tubes; 7, hind-gut; 8, rectum. 


times hyaline, sometimes striated!, which stains pink with eosin. The change 
from the middle to the posterior segment (Text-fig. 1 C) is much less abrupt. 
After a few secondary turns the diameter of the gut diminishes, the epithelium 
gradually becomes less heaped and eventually gives way to a regular cubical 


1 The variable character of the free border of the cells, which may even be absent at certain 
stages of activity, agrees with the observations of van Gehuchten (1890) upon the epithelium in 
the larva of Ptychoptera (Tipulidae). 
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or low columnar epithelium of rather deeply staining cells which continues 
unchanged until the entry of the Malpighian tubes marks the termination of 
the mid-gut. 

The giant-cell zone is at about the middle of the anterior segment. It is 
quite constant in position, lying towards the hinder end of the abdomen at the 
point where the mid-gut turns forward again (Text-fig. 1) after its initial course 
backwards. It is far more restricted in extent than would appear from the 
accounts given by Stuhlmann and Roubaud. In cross-section it presents the 
appearance shown in Text-fig. 1 # or Text-fig. 1 F, depending upon whether 
this oblique annular structure is cut across in the middle or at one or other of 
its ends. In appearance it is as described by Stuhlmann and Roubaud, with 
the nuclei of the giant cells abutting on the lumen of the canal and the cyto- 
plasm packed with rod-like “bacteroids.” 

There are certainly no other obvious strips of giant cells containing bacte- 
roids elsewhere in the mid-gut, but it is very difficult to be certain of the absence 
of these organisms or to recognise them with certainty in individual cells in 
the epithelium. The mid-gut was therefore dissected out from several flies, 
divided up into regions and smears prepared from these and stained with 
Giemsa’s stain. In these smears bacteroids 3-10 in length were present in 
enormous numbers from the giant-cell zone (Plate XIV, figs. 1-3); they were 
present but very scanty from the anterior segment before and after the giant- 
cell zone, but they were entirely absent from the middle and posterior segments. 
It was not determined whether the few bacteroids occurring outside the giant- 
cell zone were contained within the epithelial cells or were free in the lumen. 
Various other micro-organisms (bacilli, staphylococci, encapsulated diplococci) 
were present in small numbers; these occurred throughout the mid-gut but 
were most numerous in the middle and posterior segments. 


(ii) The changes visible during the digestion of a small meal of blood. 


If a fly be dissected some hours after a meal, the crop will be found to 
contain bright red fluid blood which is being gradually “fed” into the intestine 
proper. The anterior segment of the mid-gut, with the exception of the begin- 
ning part, which is usually constricted, is greatly distended with dark or venous 
blood which becomes bright red on exposure to the air. In consistency this 
blood is curiously granular from the agglomeration of the corpuscles. It can be 
readily shown, however, that true agglutinins are absent both in this blood 
and in extracts from this region of the gut. The pseudo-agglutination is merely 
the result of absorption of fluid. The blood becomes increasingly viscous and 
in the hind part of the middle segment is of a friable semi-solid consistency. 

The distension of the middle segment is never so pronounced and the blood 
which it contains shows an abrupt change to a deep brown colour. This tint 
becomes progressively darker towards the hind end until the constricted 
posterior segment contains material which is quite black. But even when 
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digestion is far advanced, if the cheesy mass of blood be removed from the 
middle segment its central part will still be found to be red in colour. 

In the anterior segment the wall of the gut is stretched until it presents an 
extreme tenuity and in most sections of this region the gut wall shows no 
visible structure beyond the peritrophic membrane, the greatly flattened 
nuclei of the epithelium and the basement membrane (Text-fig. 5 B). The 
formation and behaviour of the peritrophic membrane will be considered later. 

The abrupt change in the epithelium in passing from the anterior to the 
middle segment is well shown in Text-fig. 2 4; and it will be seen that this 
change is associated with the equally abrupt change in the contained blood. 


mm 
Text-fig. 2. A, longitudinal section of mid-gut at junction of anterior and middle segments. 
1, anterior segment; 2, peritrophic membrane; 3, middle segment; 4, blood turning black at 
surface in middle segment. B, detail of anterior segment in longitudinal section. 1, peritrophic 
membrane; 2, blood showing no digestion; 3, epithelial cells invaginated at base; 4, circular 
muscle fibres; 5, longitudinal muscle. 


In the anterior segment the blood appears entirely normal. In the middle 
segment, where it is in contact with the heaped-up epithelium, digestion has 
obviously begun and haematin is being set free. 

If the middle segment be examined in section one hour after a small meal, 
the changes in the epithelium and the contained blood are seen to be very 
similar to those described in Tabanus by Cragg (1920). The whole sequence of 
changes can often be observed in a series of sections from a single fly (Text-fig. 
3 A, Band C). The distal extremities of the cells become greatly distended with 
globules of secretion and the vacuolated masses of cytoplasm so produced are 
eventually set free, disintegrate among the intestinal contents and lead to the 
production of amorphous masses of haematin. The epithelium does not seem 
to undergo such extreme disruption as in Tabanus and the nuclei of the 
epithelial cells are rarely discharged in the process. 
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The posterior segment of the mid-gut shows comparatively little change. 
The cells do not appear to be secreting actively; but in the later stages of 
digestion (see Text-fig. 3 D, 16 hours after a meal) they become distended and 
exceedingly vacuolated. They probably play an important part in absorption. 


| 


Text-fig. 3. A, B, C, sections of middle segment of mid-gut 1 hour after small meal. 1, peritrophic 
membrane; 2, vacuolated masses of cytoplasm set free from the cells; 3, amorphous masses 
of haematin; 4, degenerate nucleus free in lumen. D, section of posterior segment 16 hours 
after meal. 1, blood in lumen deep black; 2, distinct hyaline border; 3, vacuoles throughout 
cytoplasm of cells. 


The histological changes in the middle segment of the mid-gut after a full 
meal of blood are very different from those just described. They will be con- 
sidered in connection with the part played by the tracheal system during 
digestion (p. 300). 
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(iii) The digestive enzymes in the alimentary tract. 

Stuhlmann (1907) noted that the salivary secretion was without action 
upon starch grains. This is the only published observation upon the digestive 
enzymes of the tsetse-fly. 

From a comparative study of the digestive enzymes of the cockroach 
(Wigglesworth, 1927, 2, 1928) it would appear that, apart from differences in 
the optimum pH range, the enzymes of insects possess no special properties 
distinct from those of mammals. It has not been deemed necessary therefore 
to repeat these comparisons in detail in the case of the tsetse-fly. But in order 
to throw some light upon the specialisation of enzyme activity consequent 
upon the blood-sucking habit, parallel experiments have been carried out on 
enzymes from Calliphora prepared and stored in precisely the same manner. 

The methods used will be summarised very briefly. Further details of the 
technique employed for obtaining stable preparations of the enzymes and for 
studying them in small bulk will be found in the publications referred to above 
(Wigglesworth, 1927, 2, 1928). 

Enzyme preparations. (i) “Glycerol extracts”: the region in question dis- 
sected out, usually from 50 flies, ground up with thymol in glycerol and stored 
in 10 c.c. of 50 per cent. glycerol. 

(ii) “Dry preparations”: a similar quantity of material ground up to a 


- uniform paste with about 1 gm. of moist clean sand and thymol. Dried at room 


temperature. 


Methods for detection of the various enzymes. 

Amylase. Glycerol extracts acting upon 1 per cent. or 2 per cent. starch 
solutions. Tested with iodine at intervals. 

Invertase. Glycerol extracts acting upon 3 per cent. sucrose. Fehling’s test 
at intervals. 

Maltase. Dry preparations extracted shortly before use with phosphate 
buffer pH 6-8. This extract acting upon 3 per cent. maltose. Ozazone test at 
intervals. 

Lactase. As for maltase using 3 per cent. lactose as substrate. 

Lipase. Stable preparations could not be obtained. 

Tryptase. Glycerol extracts acting upon 5 per cent. gelatin in presence of 
phosphate buffer pH 8-0. Formaldehyde titration at intervals. 

Peptase. As for tryptase using phthalate buffer with addition of hydro- 
chloric acid to give a pH of 2-2. 

Peptidase. Glycerol extracts acting upon glycyltryptophan (“‘Ferment- 
diagnostikum”)!. Bromine test at intervals. 

The results obtained are given in Tables I and II, in which the + signs 
indicate roughly the relative activity of the various enzymes, the sign + 
signifying unequivocal but very weak activity. 


1 The author is again indebted to Messrs Bayer Products, Ltd., for providing a sample of this 
preparation. 
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Table I. 


Distribution of digestive enzymes in Glossina submorsitans 
and G. tachinoides. 


Anterior 
segment of Posterior 
Salivary Proventri- mid-gut with Middle segment segment of 

Enzyme glands culus giant-cell zone of mid-gut of mid-gut 
Amylase ~ - - + - 
Lipase ? ? ? ? ? 
Tryptase - - + +++ + 
Peptidase - - + - 

Table II. 
Distribution of digestive enzymes in Calliphora erythrocephala. 
Salivary Proventri- Anterior part! _ Posterior part? 

Enzyme glands culus of mid-gut of mid-gut 
Amylase +++ - ++ ++ 
Invertase - - + +++ 
Maltase - - +++ 
Lactase - - - - 
Lipase ? ? ? ? 
Tryptase - - 
Peptase - - 
Peptidase - - ~ + 


The findings in Glossina are such as were to be expected in a blood-sucking 
insect: the salivary glands free from enzymes so that the blood may be stored 
unchanged in the crop?, enzymes acting upon carbohydrates absent save for a 
very weak amylase in the mid-gut; proteolytic enzymes extremely active. The 
results conform to the histological observations recorded above, enzymes being 
absent, or very nearly so, from the anterior segment of the mid-gut, which 
contains the bacteroids, and most abundant in the middle segment where the 
blackening of the ingested blood was observed in sections. 

The results with Calliphora, which is rich in enzymes acting upon carbo- 
hydrates and very poor in proteolytic enzymes, afford an interesting contrast. 
Here again it is to be noted that the enzymes are most active in the hinder 
part of the mid-gut. 

The tryptase of Glossina was compared with the corresponding enzyme 
from the cockroach and the two were found to be closely similar. Text-fig. 4 
shows the pH-activity curve for the digestion of gelatin by Glossina tryptase 
super-imposed upon those previously published for mammalian trypsin and the 


1 The histology of the mid-gut of Calliphora has not been carefully studied. The “ posterior” 
part constitutes the coiled portion at the hinder end of the abdomen. The cells of this region have 
a similar appearance to those of the “middle” segment in Glossina and stain more deeply than 
those of the anterior part. 

2 Lester and Lloyd (1928) showed that the tsetse-fly could digest its meals normally after 
it had been deprived of its salivary glands. 
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tryptase of the cockroach. The curves for the two insects show a striking 
agreement, their enzymes being relatively more active in the acid zone than is 
mammalian trypsin. As in the case of the protease of the cockroach, the 
changes in “acidity” and “formaldehyde acidity” (Wigglesworth, 1928) 
during the digestion of gelatin were like those for pancreatic trypsin. 
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Text-fig. 4. pH-activity curve for digestion of 5 per cent. gelatin by proteolytic enzymes. A, pan- 
creatic trypsin; B, cockroach protease; C (broken line), Glossina protease. 


(iv) The hydrogen-ion concentration in the alimentary tract’. 


Stuhlmann made a few observations on the reaction of the mid-gut in 
Glossina but obtained no very definite results. Lester and Lloyd (1928) found 
that an emulsion of mesentera had a pH of about 6-5. 

The thick dark blood which forms the normal content of the gut of the 
tsetse is ill suited for determinations of hydrogen-ion concentration. For this 
purpose, therefore, flies were given either sheep serum diluted with an equal 
volume of normal saline or a mixture of two parts saline with one part citrated 
sheep plasma. The insects fed fairly readily on these mixtures through a 
membrane of fresh vulture skin. From 1 to 3 hours after the meal they were 
dissected and the pH of the fluid in the crop and mid-gut was determined by 
the colorimetric method previously described (Wigglesworth, 1927, 1), using 
chlor-phenol-red and brom-thymol-blue as indicators. 

The results are summarised in Table III. The figures given for the mid-gut 


‘are for the mixed contents of this region; separate determinations were not 


made for the several segments. 


1 This work was done in collaboration with Dr W. B. Johnson. 
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Table ITI. 
pH of gut contents of G. submorsitans one to three hours after feeding. 
pH of crop pH of mid-gut 
contents contents 
Food food of flies Range Average Range Average 
Sheep serum and normal 7-2 4 7-2 7-2 6-5-6-6 6-6 
saline, equal parts 
Citrated sheep plasma 7-6 13 7-2-7-6 7-4 6-3-6-9 6-5 
1 part, and normal 
saline 2 parts 


As was to be expected, the pH of the food undergoes little change in the 
crop. In the mid-gut the contents are always slightly acid (pH 6-5). Since the 
latter figure includes fluid in the anterior segment newly arrived from the crop, 
it is possible that the middle and posterior segments, where active digestion 
is in progress, are somewhat more acid than this. Rough estimates of the pH 
in these hinder segments made by opening them upon a waxed tile and adding 
a minute drop of indicator, gave values of 6-2 and 6-4. 


(v) The réle of the “bacteroids” in digestion. 

It is Roubaud who has given most support to the belief that the bacteroids 
play an important part in the digestion of blood. The evidence which he 
adduces falls under three heads: (i) that the digestion of blood first takes place 
and only takes place in those regions in which bacteroids are present; (ii) that 
the giant cells break down during digestion; (iii) that during digestion very 
large numbers of bacteroids are present in the lumen of the gut—so many in 
fact that active multiplication must have taken place. This evidence will be 
examined in detail. 

The evidence from the distribution of the structures has been shown above 
to be definitely false. For if the liberation of haematin may be taken as a valid 
criterion of digestion and, since the digestion of blood is almost entirely 
proteolytic, this is undoubtedly the case, the process does not commence until 
the deeply staining epithelium of the middle segment is reached. This is well 
beyond the termination of the giant-cell zone and, moreover, has been shown 
by means of smear preparations to be free from bacteroids. The distribution 
of the enzymes also supports the view that the most active seat of digestion 
is the middle segment where bacteroids are absent. 

With a view to observing the changes in the giant-cell zone and other 
regions of the gut during digestion, serial sections of the abdomen of Glossina 
submorsitans were cut at periods ranging from immediately after to 96 hours 
after a full meal of blood. All the preparations received precisely the same 
treatment: fixation in Carnoy’s fluid for 24 hours, section in paraffin 7 » thick 
and staining for a constant period with the same sample of Ehrlich’s haema- 
toxylin. Owing to the difficulty of obtaining absolutely constant and compar- 
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able results no counterstain was used. In the course of this work serial sections 
of the abdomens of twenty-six flies were examined. 

It was found (Text-fig. 5 A, C) that although, after a full meal, the giant- 
cell zone becomes greatly flattened out, no certain changes in the intracellular 
bacteroids could be detected at any stage of digestion'; and in most of the 
sections the giant-cells showed no obvious breakdown. They retained their 
sharp outline with the peritrophic membrane closely applied to their free 
surface. In a certain number of instances the margin of the cells was indefinite 


‘ 05mm, 2 


Text-fig. 5. A, transverse section of anterior segment of mid-gut in region of giant-cell zone 
4 hours after a meal. 1, giant-cell zone greatly flattened. B, detail of general epithelium. 
1, peritrophic membrane; 2, attenuated epithelial cell; 3, basement membrane; 4, fat-body; 
5, blood. C, detail of margin of giant-cell zone. 1, peritrophic membrane; 2, bacteroids in 
giant-cell; 3, flattened cell of general epithelium; 4, blood showing no digestion. 


and bacteroids appeared to be escaping beneath the peritrophic membrane, 
an appearance which might equally well be due to imperfect fixation. In one 
fly only, sectioned 1 hour after a full meal, was there an unequivocal dis- 
charge of micro-organisms. The peritrophic membrane over the giant-cell zone 
was defective and the bacteroids were present in enormous numbers among 
the blood corpuscles; but, as usual, digestion of the blood did not commence 
until it reached the middle segment several millimetres further down the gut. 


? The bacteroids vary greatly in appearance with the axis in which the giant-cells are cut. It 
is impossible therefore to draw definite conclusions from sections. Smears should be made from 
the giant-cell zone at different times after feeding. I have not had material available for this 
experiment. 
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For further evidence as to the presence of bacteroids in the gut contents 
during digestion, smears were prepared from the different regions of the gut 
at about 8 hours after a small meal and stained with Giemsa. As in the case 
of the fasting flies described above, bacteroids were confined to the anterior 
segment. 

In my experience, therefore, the giant-cells discharge their contents far 
less frequently than the observations of Roubaud would imply. Moreover, the 
position of the nuclei of the giant-cells, close to the lumen of the intestine, does 
not convey the impression that the cell contents are liable to frequent discharge. 
When such discharge does take place it is not associated with the digestion of 
blood. It may perhaps be a necessary stage in the life-cycle of the micro- 
organisms or it may be a pure accident, the result of undue mechanical pres- 
sure on the cells or of rupture of the peritrophic membrane. I have not been 
able to determine the ultimate fate of these organisms. They are so densely 
packed within the giant-cells that when these are evacuated into the gut the 
liberated bacteroids are apt to appear like a rapidly growing culture when 
this is not necessarily the case. Roubaud suggests that they infect other cells 
in the wall of the gut when this returns to a state of rest. This would explain 
their sparse occurrence in the anterior segment outside the giant-cell zone. 


(vi) The part played by the tracheal capillaries during digestion. 


When the middle segment of the mid-gut was examined 1 hour after a full 
meal, the cells were found (Text-fig. 6) to be greatly flattened, but except for 
a hyaline or striated border of variable distinctness, they still took on a deep 
blue stain with haematoxylin, and the blood was turning black where it was in 
contact with them. When this blackening blood was viewed under the 2 mm. 
objective, however, it was seen to consist chiefly of myriads of little dark rods, 
some very minute (1 by 0-2), others larger (5 or 6 or more by 0-5), the 
whole having the appearance of bacteria covered with or full of altered blood 
pigment. At first these objects were thought to be micro-organisms, bacteroids 
perhaps which had been discharged from the giant-cell zone. But here and 
there (Text-fig. 6, 4) they were seen to be present within the epithelial cells 
either as short rods or as elongated threads, and sometimes these threads 
became continuous with fine tracheae underlying the wall of the gut. 

The idea therefore suggested itself that the rod-like bodies might be 
“casts” of intracellular tracheoles which had been ruptured during the extreme 
distension, filled with blood pigment from the lumen of the gut and that this 
pigment had been subsequently discharged again moulded to the form observed. 
Such an idea was reasonable to this extent that rupture of the cell surfaces 
undoubtedly occurs when a large meal is taken and any blood pigment entering 
would be intimately mixed with digestive enzymes and would therefore 
blacken rapidly, while at the same time the hypothesis accounted also for the 
variable diameter of the bodies. 
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The difficulties in the way of accepting this hypothesis were, on the one 
hand, the fact that the very existence of tracheoles inside the general tissue 
cells is very much in question; and, on the other hand, the so-called “casts” 
were so amazingly numerous, yet for a long time never more than an occasional 
intracellular thread of this form could be discovered in the sections examined. 
But it is clear that so quick is the distension of the gut that the changes must 
take place very rapidly and that there would be the best chance of observing 
the early stages of the process if the mid-gut, particularly the lower limit of 
the mid-gut, were examined very soon after feeding. 

When this was done the suggestion put forward above was abundantly 
confirmed (Text-fig. 7) and incidentally an amazing tangle of tracheoles 
throughout the cytoplasm of the epithelial cells was revealed. In a part of 


Text-fig. 6. Middle segment of mid-gut 1 hour after a large meal. 1, peritrophic membrane; 2, 
blood turning black within the peritrophic membrane; 3, dark rods free in lumen; 4, dark rods 
within the epithelial cells; 5, dark thread leading to small trachea; 6, unchanged blood cells. 


the gut where distension was incomplete (Text-fig. 7 B), there were, near the 
surface of the cells, numerous fine rod-like bodies and threads equal in thickness 
to those which had been seen in the lumen of the gut; while deeper in the cells 
the rods were stouter and could be seen sometimes uniting with the network 
of tracheoles and small tracheae, themselves picked out with black blood 
pigment, which lay beneath the epithelial cells. The free extremities of the 
cells, with their tracheoles containing numerous rods of haematin, were fre- 
quently seen to be constricted off (Text-fig. 7, 4) and set free into the lumen 
of the gut (Text-fig. 7, 5). Many of the rods of haematin observed during 
digestion are doubtless produced by the disintegration of such fragments. 
Where the distension of the gut was greater (Text-fig. 8), all the small 
rod-like masses had been discharged into the lumen and only the larger 
tracheoles remained partially filled with elongated masses of pigment, leaving. 
the intervening portions of the capillaries clearly visible as colourless trans- 
lucent ducts in the deeply staining cytoplasm. In parts of these sections, and 
this is well shown in Text-fig. 8, where the process of distension is almost 
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complete, the thick rods of pigment could be seen in process of extrusion 
through the hyaline border into the lumen. 


Text-fig. 7. A, B, middle segment of mid-gut five minutes after large meal, cut close to lower 
limit of ingested blood. 1, peritrophic membrane; 2, border of cells, faintly striated; 3, blood; 
4, prolongation of epithelial cell with tracheoles containing rods of haematin; 5, similar 
prolongation set free in lumen; 6, rods of haematin free in lumen; 7, amorphous mass of 
haematin; 8, rods of haematin within the cells; 9, sub-epithelial tracheole containing haematin; 
10, tracheole in fat body, ditto; 11, small trachea, ditto. 


Text-fig. 8. Middle segment of mid-gut half an hour after a large meal, distension almost complete. 
1, peritrophic membrane; 2, amorphous mass of altered blood pigment; 3, rods of black blood 
pigment set free in lumen; 4, rod of pigment being extruded from a tracheole through the 
border of the cell; 5, tracheole filled with blood pigment entering a small trachea; 6, intra- 
cellular tracheoles partially filled with blood pigment; 7, mass of blood pigment in a larger 
trachea. 


Sometimes, when there has been great distension of the gut (see PI. XIV, fig. 4, 
6 hours after a meal), the epithelium undergoes extreme dissolution and the 
blood enters the sub-epithelial feltwork of tracheoles and may extend even to 
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the larger tracheae. This is well seen in Pl. XIV, figs. 5-7, which show photo- 
graphs of the mid-gut epithelium stripped off from the mass of blood and 
mounted flat. 

It is clear, therefore, that the magnitude of the tracheal tubes into which 
the blood enters (and consequently the magnitude of the tracheal “casts”’) 
and the extent to which the blood invades the tracheal system, depend upon 
the degree of distension of the wall of the gut. Figs. 7 and 8 and figs. 5-7 on 
Pl. XIV represent three degrees of this invasion. 

Since pigmented tracheoles are not present in the fasting fly, it follows that 
the blood pigment which enters the tracheal system must be disposed of in 


Text-fig. 9. A, hind part of middle segment of mid-gut 48 hours after a large meal. 1, sub-epithelial 
tracheoles containing scattered brown granules of altered blood pigment; 2, intracellular 
tracheoles containing no pigment; 3, entry of tracheole into small trachea. B, resting epithelial 
cells of middle segment. 1, small intracellular tracheoles in distal extremity of cells; 2, larger 
tracheoles at base of cells. 


some way. Sometimes only the intracellular tracheoles of the epithelium are 
filled with blood, and most of this is discharged into the lumen as the epithelium 
becomes more and more compressed. But very frequently the pigment may 
spread to the traclfeae and tracheoles of adjacent organs: in the epithelium 
of the hind-gut, the cells of the fat body and so on. Sometimes an extensive 
sector of the tracheal system is permeated in this way (Pl. XIV, figs. 5-7). Itis 
improbable that such pigment could escape back into the gut, but although 
sections of flies up to 96 hours after feeding have been examined, the ultimate 
fate of this blood pigment could not be determined. In the walls of the larger 
tracheae in Glossina there are a great number of minute dark granules and 
it was thought at first that these might be granules of the pigment in process 
of gradual extrusion to the exterior. But similar granules are present in the 


304 7 Digestion in the Tsetse-Fly 


newly emerged fly and appear almost certainly to be the points of insertion of 
small hair-like processes arising from the chitinous lining of the tracheae. It 
seems more probable that the pigment in some form is slowly absorbed from 
the lumen of the tubes into the surrounding tissue; for when sections, cut 48 or 
72 hours after the meal, were examined (Text-fig. 9 A) the tracheoles and small 
tracheae could still be made out as “ghosts” containing granular deposits of 
pale brown pigment scattered irregularly throughout their length, leaving 
clear empty segments between. 

The intracellular tracheoles revealed by the process described above were 
so abundant that it seemed certain they should be visible in the epithelial 
cells in the resting state. The cells in this condition are so densely packed with 
granules and sometimes with secretory vacuoles that the tracheoles are very 
difficult to detect, but in suitable cells their existence is unequivocal and they 
can be seen coiling in the cytoplasm and uniting with larger tracheoles at the 
base of the cell (Text-fig. 9 B). 

As digestion proceeds and the contents of the gut are absorbed, the walls 
gradually contract once more and the epithelium becomes heaped together 
and resumes the appearance described in the fasting fly. It would appear that 
sometimes the most extreme distension of the wall may occur and yet the 
individual cells remain intact and can resume eventually their normal form. 
At other times there is considerable breakdown of the epithelium and this is 
regenerated subsequently. The stages in the process of regeneration have not 
been closely studied. 


(vii) The structure and function of the proventriculus. 


The proventriculus of Glossina has essentially the same form as that present 
throughout the Muscidae; it is unlikely, therefore, that this structure has any 
special significance in the blood-sucking habits of the tsetse-fly; but in the 
absence of any general agreement as to its functions it may reasonably be 
considered in this place. 

A good account of the histology of the organ is given by Stuhlmann (1907) 
in the case of Glossina and by Patton and Cragg (1913) in Philaematomyia. It 
is not necessary, therefore, to describe it in detail here. Its essential structure, 
as seen in longitudinal section, may be represented diagrammatically as in 
Text-fig. 10, where A represents the oesophagus, B the duct of the crop and C 
the mid-gut. D is a funnel-shaped invagination of the fore-gut (A—B) and, 
consequently, is covered by a chitinous intima and £ is an annular pad of 
deeply staining high columnar epithelial cells which mark the commencement 
of the mid-gut. 

Lowne (1893-5), whose observations on the structure are inaccurate, 
regarded it as functioning as a “gizzard and nothing more.” Hewitt (1907), 
observing it in Musca, considered it to be a pumping organ which acted also 
as a valve. Giles (1906) also regarded it as a valve and this view is supported 
by Graham-Smith (1913). Vignon (1901) considered that in many insects 
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enlarged epithelial cells in the proventriculus are concerned in the secretion of 
the peritrophic membrane, and Stuhlmann (1907) applied this conception in 
the case of the tsetse-fly, but decided that the peritrophic membrane in this 
insect is shed off from the entire surface of the mid-gut and is not produced 
exclusively by the epithelial cells in question. Patton and Cragg (1913), 
discussing the structure as seen in Philaematomyia, accept the view of Vignon 
with regard to the origin of the peritrophic membrane and, furthermore, assign 
a valvular function to the proventriculus in virtue of the annular recess 
beneath the funnel-like invagination of the fore-gut which, they consider, 
serves to prevent any regurgitation of blood. Of these hypotheses only the last 
will really account for the complex but constant form of the organ. 


C 


Text-fig. 10. Diagram of proventriculus as seen in sagittal section. A, oesophagus; B, duct of 
crop; C, mid-gut; D, invaginated portion of fore-gut; Z, ring of large epithelial cells. 


The question has been re-investigated by cutting transverse serial sections 
of the entire thorax of Glossina (with the proventriculus fixed in situ) at all 
stages of digestion. Throughout this series the disposition of the parts in the 
proventriculus has been entirely constant and is well shown in Text-fig. 11 A, 
which represents a transverse section at the point of entry of the fore-gut into 
the mid-gut 2 hours after a large feed, i.e. at a time when the crop still contains 
a considerable proportion of the ingested blood. It will be seen that both the 
fore-gut (duct of the crop) and the mid-gut (cavity of the proventriculus) 
contain blood, but that they are separated by a sphincter-like contraction of the 
orifice of the funnel-shaped invagination, a contraction which has caused great 
elongation of the epithelial cells of which it is composed. The circular muscle 
of this sphincter, cut in cross-section, is very clearly visible; and it can be seen 
equally well in Text-fig. 11 B, taken a little further forward, which shows the 
muscle cut tangentially. The marginal portion of the funnel, however, is curled 
downwards and closely applied to the epithelial pad and the annular space 
referred to by Patton and Cragg is completely obliterated. 
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It was clear, therefore, that the proventriculus acts as a sphincter and not 
as a valve; but the function of the funnel-shaped invagination was still un- 
accounted for and it remained so until attention was directed to the peritrophic 
membrane. 


Text-fig. 11. A, transverse section of proventriculus 2 hours after a large meal. 1, duct of crop 
(fore-gut); 2, sphincter muscle; 3, annular pad of large epithelial cells; 4, invaginated portion 
of fore-gut; 5, peritrophic membrane. B, the same, cut a little further back. 1, duct of crop; 
2, sphincter muscle cut tangentially. 


(viii) The formation of the peritrophic membrane. 

There is little doubt that the so-called peritrophic membrane is a different 
morphological structure in different groups of insects. No good purpose will 
be served, therefore, by reviewing here the numerous hypotheses as to its nature 
and origin. The greater part of the literature is fully reviewed by Stuhlmann 
(1907) and Vignon (1901). 

So far as the Muscidae are concerned, Lowne (1893-5) in the case of 
Calliphora regards it as a net-like mucous sheath separated from the mucus 
membrane during digestion. Patton and Cragg (1913) in Philaematomyia and 
Berlese (1909) in Calliphora describe its origin from the annular epithelial pad 
of the proventriculus, while Stuhlmann considers that in Glossina it is shed off 
from the entire surface of the mid-gut. 

The peritrophic membrane in Glossina is a very definite structure which is 
still found to retain the blood within it when the gut has been ruptured during 
dissection. In sections, it is constantly present in the anterior segment of the 
mid-gut separating the blood from the wall of the canal. It stains deep blue 
with Ehrlich’s haematoxylin. In the middle segment of the mid-gut it is 
variable. It may be present as a definite continuous sheath as it is in the 
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anterior segment, it may occur in some parts of the lumen and not in others or 
it may be absent altogether or present in the form of occasional shreds. In the 
hind-gut and rectum irregular fragments of peritrophic membrane are usually 
present, often in considerable quantity. 

As the removal of fluid in the anterior segment proceeds the walls of the gut 
contract and the peritrophic membrane begins to buckle and to form more and 
more numerous folds which extend into the lumen until this may be almost 
completely filled with a mass of convoluted membrane (Text-fig. 12). 


ABC__‘3mm___, 


ABC. °05mm__, 


Text-fig. 12. Transverse sections of anterior segment of mid-gut at different levels 6 hours after 
a meal, showing how the peritrophic membrane buckles and goes into complicated folds as 
the gut becomes more constricted. 


The origin of the peritrophic membrane was sought in the first instance 
upon the lines suggested by Stuhlmann, i.e. by delamination of the surface of 
the cells lining the gut; but no evidence for this happening could be obtained. 
Even immediately after a meal the membrane was completely formed in the 
anterior segment of the mid-gut. Moreover, such a delamination of cell surface 
must presumably be brought about by the secretion pressure of the cells in 
question. But the general appearance of the cells in this region does not suggest 
that they are active secreting cells. Finally, it would be very surprising if so 
clean and uniform a structure as the peritrophic membrane in Glossina were 
produced in so disruptive a fashion. 

Attention was directed, therefore, to the proventriculus and, when serial 
sections of this region at different stages after feeding were examined, the mode 
of origin of the peritrophic membrane became apparent. Text-fig. 13 A, taken 
1 hour after a meal, shows very well the conditions found. The deeply staining 
cells of the annular pad of epithelium contain many clear vacuoles, and 
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numerous globules of secretion are being discharged through the border? of 
the cells. The reflected margin of the funnel-shaped invagination is, as usual, 
applied closely to the surface of these cells, while the lower portions of the walls 
of the proventriculus are tightly pressed against the upper surface of the 
invagination. From between these structures the peritrophic membrane 
emerges. In fact the copious secretion of the epithelial pad is obliged to pass 
through the narrow cleft between the proventricular wall and the invaginated 


Text-fig. 13. A, transverse section of proventriculus 1 hour after a meal. 1, wall of proventriculus; 
2, peritrophic membrane fully formed; 3, blood; 4, chitinous covering of 5, the invaginated 
portion of the fore-gut; 6, globules of secretion being pressed toform the peritrophic membrane; 
7, large epithelial cells containing secretory vacuoles and discharging globules of secretion 
through their striated border; 8, salivary gland. B, section at hind end of proventriculus 
} hour after a meal. 1, peritrophic membrane; 2, accumulated globules of secretion (unformed 
peritrophic membrane); 3, secreting cells of peritrophic membrane loaded with vacuoles; 
4, artificial separation of the invaginated fore-gut from these cells. 


fore-gut and in so doing is pressed and moulded to form the peritrophic 
membrane. The tension on the mid-gut transmitted to the walls of the pro- 
ventriculus, assisted perhaps by the pressure of the contents of the pro- 
ventriculus upon the funnel-shaped invagination, will serve to keep these two 
structures—the rollers of the press—in intimate contact. 


1 As in the middle segment of the mid-gut the border of the cells may be markedly striated, 
hyaline or absent altogether (cf. van Gehuchten (1890) on Ptychoptera). Sometimes the border 
appears as though it were composed of stout cilia. 
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Since the mid-gut arises from the vault of the proventriculus and runs 
directly backwards, it is clear that any tension which it may exert upon the 
walls of the proventriculus will act to much less advantage at the hinder end 
of this structure. It was to be expected, therefore, that the pressing of the 
peritrophic membrane might be less efficient in this region; and such indeed 
was found to be the case. Text-fig. 13 B shows a transverse section of the 
hinder end of the proventriculus 15 minutes after a meal. The separation of 


Text-fig. 14. A, A’, deeply staining cells of wall of mid-gut immediately after leaving the pro- 
ventriculus. B, B’, pale staining columnar cells of mid-gut 0-5 mm. behind proventriculus. 
C, portion of wall of proventriculus. D, large epithelial cells from base of proventriculus 
discharging globules of secretion (peritrophic membrane) 6 hours after meal. £, cells from 
vault of proventriculus discharging similar globules of secretion. 


the invaginated portion from the inner part of the epithelial pad has taken 
place during fixation, but at the outer angle the separation was evidently 
present during life. The epithelial cells are loaded with secretory vacuoles and 
the discharged globules have accumulated at the margin. The formation of the 
peritrophic membrane by the condensation and compression of this secretion 
is shown in a convincing manner. 

It is probable that the columnar cells of the walls and vault of the proven- 
triculus (Text-fig. 14 C) and perhaps of the cells lining the commencement 
of the mid-gut (extending about 0-25 mm. below the proventriculus) (Text-fig. 
14 A, A’) contribute to the secretion of the peritrophic membrane. For, in the 
first place, the cytoplasm of these cells is filled with deeply staining granules 
(like those in the annular pad of the proventriculus) so that they appear very 
different from the paler cubical cells (Text-fig. 14 B, B’) which succeed them 
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in the mid-gut, and, in the second place, these cells may often be seen to be 
discharging globules of secretion very similar in appearance to that from the 
epithelial pad. This was clearly seen in sections of the proventriculus cut 
6 hours after feeding (Text-fig. 14 D, E). 

In the freshly emerged fly the peritrophic membrane is ragged and dis- 
continuous. But immediately after the first meal it is present and formed as 
perfectly as in the mature insect and extends to the limit of the ingested blood. 
Clearly it is produced very rapidly during the process of feeding and is drawn 
through the “press” by the tension of the advancing blood as silk is drawn 
through the spinneret of a caterpillar or a spider. The peritrophic membrane 
is evidently formed afresh in whole or in part at each meal, for a varying 
quantity of discarded membrane is always present in the hind-gut and rectum. 
The extent to which freshly ingested blood enters the middle segment of the 
mid-gut is very variable and, since it is the fresh blood which brings the 
peritrophic membrane with it, this probably accounts for the inconstancy of 
the membrane in this region. 

Indirect evidence as to the source of the peritrophic membrane may be 
obtained in another way. If the mode of origin described above is correct and 
a fluid secretion is converted into a solid membrane at the margin of the 
proventriculus, then, although this elastic membrane might be stretched and 
exceed the size of the mould from which it was produced, in the relaxed state 
it should never be smaller than this mould. In other words, at all levels of the 
gut where the peritrophic membrane is not fully distended, the length of its 
circumference should equal the perimeter of the proventriculus. 

This proposition was tested by making camera-lucida drawings of the 
peritrophic membrane at various levels in a newly emerged fly of which serial 
sections had been cut immediately after a large meal of blood. The circumfer- 
ence of the peritrophic membrane was measured by following its convolutions 
with a thread of cotton. Measurements could be made, of course, only where 
the sections of the gut were exactly transverse. 

The transverse diameter of the proventriculus where its wall was in contact 
with the reflected fore-gut was 0-32 mm. The proventriculus of the tsetse-fly 
is an oval structure about two-thirds as broad as it is long. Consequently the 
major diameter will be about 0-48 mm. If, as a rough approximation, the 
circumference be taken as 7 x mean diameter, the required dimension will be 
3:14 x 0-40 = 1-26 mm. 

The measurements of the peritrophic membrane are given in Table IV 
and some of the drawings in Text-fig. 15. The results show a very satisfactory 
agreement among themselves and with the perimeter of the proventriculus, 
and support the view advanced above. It happened that in this series of 
sections no greatly distended part of the mid-gut was cut transversely; but 
from many specimens it is clear that the peritrophic membrane can be stretched 
enormously beyond its natural dimensions. 
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Text-fig. 15. Transverse sections of peritrophic membrane at various levels in a newly fed fly. 
For explanation see Table IV. 


Table IV. 
Mean diameter of Circumference of peri- 
Region of gut gut in mm. trophic membrane in mm. 
Anterior part of thorax (Text-fig. 15 A) 0-14 1-38 
Posterior part of thorax (Text-fig. 15 B) 0-06 1-33 
Anterior part of abdomen Collapsed Could not be measured 
Abdomen (anterior segment of mid-gut) 0-10 1-22 
(Text-fig. 15 C) 
Abdomen (anterior segment of mid-gut) 0-23 1-13 
(Text-fig. 15 D) 
Abdomen (anterior segment of mid-gut) 0-28 1-34 
Abdomen (anterior segment of mid-gut). 0-41 1-41 


Giant-cell zone; peritrophic membrane 
evenly distended without convolutions 


(ix) The composition of the peritrophic membrane. 
The peritrophic membrane of many insects is insoluble in caustic alkalies 
and on that account is often regarded as being composed of chitin. Apart from 
this there seems to be no evidence as to its chemical nature. 
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In Glossina this membrane stains readily with haematoxylin whereas the 
thin chitinous lining of the crop and the hind-gut remains unstained. Moreover, 
the deeply staining granular cells which secrete the peritrophic membrane are 
very unlike the pale cells underlying the intima of the fore- and hind-gut. It 
was thought, therefore, that it might consist of a special scleroprotein. 

Fragments of peritrophic membrane dissected out from the anterior part 
of the mid-gut in fasting flies were tested in capillary tubes for the protein 
colour reactions (buiret test, Millon’s test, xanthoproteic reaction and sulphur 
test). All these were weakly positive. 

A portion of the membrane was kept for several days in a strong solution 
of trypsin. It appeared to be completely resistant. Thereafter it was washed 
in water and the protein reactions repeated. They were now negative. It is 
clear, therefore, that although the peritrophic membrane contains protein it 
has a basis of some other material. 

It was next tested for chitin. Much confusion exists as to the occurrence of 
chitin because the usual test for it—the production of a violet colour with 
iodine—is not given by chitin itself but by chitosan which is produced from 
chitin by treatment with caustic alkalies (Wester, 1910). After it has been 
laid down some time, chitin undergoes some physical or chemical change which 
renders it much more resistant to conversion into chitosan. It was on this 
account that Zander (1897) distinguished two kinds of chitin composing the 
inner and outer layers respectively of the integument of arthropods, only the 
former of which, he claimed, gave the violet colour with iodine. Wester has 
shown, however, that if the material be drastically treated with alkali (60 per 
cent. caustic potash in an oil bath at 160° C. for 20 minutes) chitin from every 
source is completely converted into chitosan. A confirmatory test for chitosan 
is its solubility in 3 per cent. acetic acid. 

The proventriculus with the mid-gut, the oesophagus and the duct of the 
crop attached was placed in 40 per cent. caustic potash in a sealed capillary 
tube and heated in a boiling water bath for 10 minutes. The duct of the crop, 
the oesophagus and the peritrophic membrane remained undissolved. These 
were discharged upon a glass slide, washed with 90 per cent. alcohol, 50 per 
cent. alcohol and water, and flooded with 0-2 per cent. iodine in 1 per cent. 
sulphuric acid. The peritrophic membrane gave an intense rose-violet colour. 
The oesophagus and duct of the crop gave a less intense colour. The experiment 
was repeated with the entire mid-gut removed from the abdomen. When 
iodine was added to the insoluble residue the peritrophic membrane took on a 
brilliant rose-violet colour, whereas the tracheae gave only a faint violet in a 
few places. The peritrophic membrane after this treatment dissolved in 3 per 
cent. acetic acid. 

It is clear from these experiments that the peritrophic membrane is com- 
posed of chitin and, as was to be expected from its recent formation, of chitin 
which is very readily converted into chitosan. This result was confirmed by 
staining sections of the proventriculus with Bethe’s stain (anilin hydro- 
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chloride and potassium bichromate), when both the intima of the fore-gut 
and the peritrophic membrane stained alike a blue-violet. 

The affinity of the membrane for haematoxylin is due possibly to its being 
composed of chitin recently formed and the deep staining character of the cells 
which produce it may be associated with the continuous activity of the secre- 
tory process. Both these notions received support from an examination of 
sections of freshly emerged flies. Where chitin was being actively laid down in 
the integument, e.g. around the bases of the wings, the chitogenic cells were 
large and deeply staining and the newly formed chitin stained blue with 
haematoxylin. 

It is uncertain whether the protein demonstrated above is a natural con- 
stituent of the membrane or whether it is merely derived from the food. 


Text-fig. 16. Dissection of middle segment of mid-gut several hours after a meal. 1, peritrophic 
membrane containing blood which is turning black at the surface; 2, wall of mid-gut; 3, masses 
of altered blood pigment deposited on the wall of the mid-gut. 


An observation which throws some light on the permeability of the peri- 
trophic membrane may be referred to here. To what extent the peritrophic 
membrane is permeable to food substances, the products of digestion and the 
digestive enzymes has long been in question. Text-fig. 16 shows a condition 
which is frequently encountered in dissections of the middle segment of the mid- 
gut. The peritrophic membrane contains blood which is becoming blackened 
at the surface. Outside the membrane, against the wall of the gut, are further 
masses of haematin. At other times haematin may be present only outside 
the membrane. These observations prove that the membrane is permeable to 
colloid particles of the magnitude of the haemoglobin molecule and also to the 
proteolytic enzyme. 

Discussion. 
(i) Histology of the mid-gut. 

There are few comparative studies on the histology of the gut in the 
Diptera; but it is interesting to compare the findings in Glossina with the classic 
researches of van Gehuchten upon the larva of Ptychoptera. The mid-gut 
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commences in both with deeply staining cells (“secreting cells”) which are 
followed by pale staining “absorbing cells” and these again by a zone of 
secreting cells. It would be interesting to know how far this arrangement is 
common to all the Diptera, and how the relative length of the various regions 
in non-blood-sucking muscids compares with that in Glossina. A brief summary 
of observations in both orthorraphous and muscid flies is given by Patton and 
Cragg (1913) from which it appears probable that the general arrangement 
is similar throughout the Muscidae, the pale “absorbing cells” (the “anterior 
segment” in Glossina) corresponding to what is loosely called the “ ventriculus” 
and the “secreting cells” (‘middle segment’”’) with the “ proximal intestine.” 

As already pointed out, the type of epithelial cell in each region and the 
variation in the free border of the cells agrees very closely with van Gehuch- 
ten’s description of Ptychoptera. Moreover, the process of secretion in the first 
secretory zone (7.e. the secretion of the peritrophic membrane by the pro- 
ventriculus) is of the same type as in Ptychoptera: secretory vacuoles appear 
in the cells and escape in the form of vesicles through the free border. Secretion 
in the mid-gut, on the other hand, the secretion of digestive enzymes, is of 
quite a different nature: vacuolated buds of cytoplasm break away from the 
cells and disintegrate among the contents of the gut. This process is very 
similar to that described in Tabanus by Cragg (1920). In the later stages of 
digestion in Tabanus, Cragg described the occurrence of secretion of the same 
type as in Ptychoptera. This has not been observed in Glossina. 


(ii) Digestive enzymes and hydrogen-ion concentration. 


As was to be expected in an insect confined to a diet of blood, the proteo- 
lytic enzymes are predominant in Glossina; and conversely the complete 
absence of invertase and maltase is additional evidence against the tsetse 
feeding upon the juices of plants. The very slight amylolytic activity in 
extracts of the mid-gut may possibly be due to a glycogenase—perhaps 
intracellular. 

The pH activity curve of an enzyme is one of the best criteria of its identity. 
The curve for the tryptase of Glossina agrees exactly with that of the cock- 
roach and this suggests that the enzymes in these insects are the same and 
differ only in their relative quantities. Whether, apart from this and apart 
from factors affecting coagulation, there are any special adaptations to an 
exclusive diet of blood has not been determined. It is hoped to investigate 
this point in some blood-sucking insect which is readily available in the living 
state. 

The extensive absorption of fluid in the anterior segment of the mid-gut, 
where no enzymes are present, raises the interesting question as to whether 
the plasma proteins are absorbed unchanged in this region or whether it is 
only the water and crystalloids which are removed. If the former is the case 
the fate of such protein and the effects of different proteins in the food offers 
an important problem. If the latter is the case, the mechanism of the process 
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of separation demands study. There are three possibilities. The separation 
might be effected by active work on the part of the epithelial cells, but such 
active work as is difficult to credit to these attenuated structures. It might be 
a process of ultra-filtration induced by mechanical pressure, but this would 
have to be a greater pressure! than can actually exist. Finally it might be 
brought about by a high osmotic pressure of the body fluids of the insect, 
maintained by the activity of the Malpighian tubes. These alternatives, of 
course, are not mutually exclusive and one or all may play a part. The work 
described in this paper throws no light on this interesting question, but reference 
may be made to the experiments of Lester and Lloyd (1928) who found that 
the excretion of fluid took place normally in flies fed with concentrations of 
sodium chloride between 2 per cent. and 0-2 per cent. With higher or lower 
concentrations “draining” was absent, the disability in the former case being 
apparently a failure to remove fluid from the gut and in the latter case a 
failure of the Malpighian tubes to deal with very dilute haemolymph. 

The hydrogen-ion concentration in that region of the mid-gut where 
digestion is occurring (probably about pH 6-4) is very similar to that found in the 
mid-gut of the cockroach (Wigglesworth, 1927, 1) and in each case the proteo- 
lytic enzyme present is well suited to work at this reaction. 

In this connection it is interesting to record an observation by Dr W. B. 
Johnson? that whereas the developmental forms of trypanosomes from the gut 
of Glossina died rapidly in the ordinary alkaline bacteriological media, they 
survived far longer when such media were rendered slightly acid. 


(iii) The significance of the bacteroids. 


The constant occurrence of the intracellular bacteroids in Glossina, together 
with their hereditary transmission,*? has convinced most observers that they 
are symbiotes which contribute something of value to the economy of their 
host. The close adaptation of the host to these organisms supports this view. 
Roubaud showed, for example, that the ring of cells in the gut wall, which are 
destined to contain the bacteroids, enlarge beyond their fellows during pupal 
development before they have become invaded. 

In the absence of any direct evidence the function of these organisms can 
be attested only by analogy. Intracellular micro-organisms of a more or less 
similar type occur in many groups of insects, but it is unlikely that they play 


1 The osmotic pressure of the plasma proteins is about 30 mm. of mercury. Disregarding the 
pre-existing osmotic pressure outside the gut, this pressure will initiate filtration; but as. filtration 
proceeds and the colloid concentration in the gut rises, the osmotic pressure will increase also and 
filtration will be brought to a standstill. 

* Personal communication. 

% Roubaud could not satisfy himself as to the method of this transmission, although from the 
intestinal infection of the larva he suspected the milk glands. In sections of a female fly prior to 
gestation the milk glands and ducts have been seen packed with bacteroids. It is hoped to in- 
vestigate later the details of this transmission which adds yet one more to the many methods of 
symbiote inheritance described by Buchner and others (Buchner, 1921). 
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the same part in all. Wood-feeding insects constitute one of these groups and 
the analogy with these has been used by Roubaud to support the hypothesis 
that they play an essential part in digestion. But it is a far cry from the 
digestion of cellulose to the digestion of blood proteins and, moreover, the 
results given in this paper disprove such an hypothesis. 

Blood-sucking insects form another group in which intracellular organisms 
are frequent. They occur, for example, in lice (Sikora, 1919), in Cimex (Buchner, 
1921), in blood-sucking mites (Reichenow, 1922), in ticks (Buchner, 1922; 
Cowdry, 1925), in the larva of Gastrophilus (Buchner, 1922), and in the Pupipara 
(Roubaud, 1919). But they are absent in fleas, mosquitoes, tabanids, Stomoxys 
and Lyperosia. It will be observed that in this group they occur only in those 
insects which throughout the whole of their life-cycle take no food but blood. 
This observation suggests the possibility that these intracellular organisms 
furnish their host with some accessory food substance comparable or 
possibly even identical with the vitamins necessary for mammalian growth. 
Much special pleading could be submitted in support of this hypothesis but in 
the absence of experimental evidence this could serve no useful purpose. It 
may be noted, however, that the same idea was put forward by Portier (1919) 
to explain the metamorphosis of mealworms upon heat-sterilised flour. 
Reichenow (1922) also noted the frequent association of intracellular organisms 
with sterility of diet, not only in the exclusive blood feeders but in the plant 
juice feeders (most if not all Homoptera (Buchner, 1921) and the plant-feeding 
Heteroptera (Kuskop, 1923)), but he attributed this relation to the necessity 
of micro-organisms for insect digestion. Roubaud ascribed the association of 
symbiotes with absolute haemophagy to their enabling their host to subsist 
upon the water present in that diet; but without elucidation it is difficult to 
see the meaning of this suggestion. 

No further light has been thrown on the nature of the bacteroids. They are 
very similar to the micro-organisms observed in the Malpighian tubes of ticks 
by Buchner (1922) and described in detail by Cowdry (1925). They are pleo- 
morphic, bacterium-like, gram negative, intracellular micro-organisms, 3-10 
in length, which, as Cowdry points out, may or may not be included among the 
Rickettsia depending upon the rigidity with which that heterogeneous group 
is defined (Pl. XIV, figs. 1-3). 


(iv) The part played by the tracheal system during digestion. 

The possibility that the tracheal system might play an important part in 
the absorption of food has seldom received serious consideration. Alessandrini 
(Bassi, 1851) claimed that when indigo was added to the diet of silkworms a blue 
substance could be seen within the tracheal tubes. But Bassi, who repeated 
these experiments, concluded that this indigo was in the walls and not in the 
lumen of the tubes and that it arrived there by way of the circulatory system. 
Petrunkewitsch (1899), after feeding cockroaches with fat, observed fat globules 
in the tracheal end-cells and in the lumen of the tracheae in the crop and mid- 
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gut, and he considered that some of the food for the nourishment of the 
tracheae enters directly in this way. Sanford (1918) confirmed the presence of 
fat in the tracheal end-cells but regarded that in the lumen of the tracheae 
as an artefact. 

In the case of Glossina, it cannot be supposed that the entry of blood 
pigment into the tracheoles and smaller tracheae is in any way an essential 
stage in the digestion of blood. It does not occur, for instance, after a small meal. 
Clearly it is only an accident; but an extremely frequent accident, for it had 
happened in all those flies which were fully gorged with blood. 

The main interest of the observations recorded lies, however, in the light 
they throw upon the anatomy of the tracheal system. The mode of termination 
of the tracheal capillaries has long been a subject of dispute; but it is evident 
from a perusal of the rather extensive literature that the mode of termination 
differs in different organs. In the fibrillar flight muscles, for example, they 
undoubtedly enter the individual fibres (Holmgren, 1907), whereas in the 
muscles of the legs (Athanasiu and Dragoiu, 1913) they do not extend beyond 
the sarcolemma. In the case of many organs, e.g. the ovary (Riede, 1912), the 
tracheoles interlace within a delicate membrane which is closely applied to the 
surface of the organ, but they never penetrate within the cells. Remy (1925) 
carried out an extensive series of experiments to determine this point, using 
the method of Martin! (1893). He concluded that, without exception, in all 
the insects and organs studied, after running a complicated course in the 
fenestrated membrane formed by the syncytial network of tracheal cells, the 
tracheoles invariably end blindly without entering the essential cells of the 
tissues. But in the one instance where the tracheoles are unquestionably 
intracellular—in the cells of the “organ rouge” of Gastrophilus larvae (Prenant, 
1900)—the method employed failed to reveal them, owing, it is alleged, to the 
failure of the indigo to penetrate these solid cells; an admission which invalidates 
all the conclusions drawn with regard to the tracheole terminations in the cells 
of other organs. Intracellular tracheoles are very obvious in the rectal papillae 
of muscids (Chun, 1875), but apart from this and the observations of Koeppen 
(1921) on the tracheae of the crop of Dytiscus there seems to be no information 
on the tracheal terminations in the intestine. 

Since intracellular tracheoles are present in the rectal papillae it was to be 
expected that they should be present in other cells of the gut wall. What has 
been lacking is a technique which would unmask them; for the finest tubes are 
probably filled to a greater or lesser extent with fluid (Davis, 1927), which 
renders them invisible in fresh preparations and inaccessible to substances 
injected through the stigmata. In the feeding of Glossina nature has performed 
the experiment of injecting the tracheal system from its periphery and, in the 
process, has revealed an amazing skein of tracheoles not only in the sub- 
epithelial layer but within the cytoplasm of the cells. The ultimate termination 
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1 Indigo white is injected into the body cavity of the insect and indigo blue is deposited along 
the course of the tracheae and tracheoles. 
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of these tracheoles, whether they end blindly or form a closed network, has not 
been demonstrated. Certain of the preparations, however, do throw light upon 
the disputed question of the anastomosis of the tracheoles derived from ad- 
jacent sectors of the tracheal system. Pl. XIV, figs. 5, 6, show clearly that the 
sub-epithelial tracheoles freely connect up one tracheal branch with another. 

In order to make sure that this mode of termination was not peculiar to the 
tsetse-fly, sections of the mid-gut of Calliphora were examined; and here again, 
under favourable circumstances, tracheoles could be seen as pale convoluted 
threads within the deeply staining cytoplasm of the epithelial cells. 


(v) The proventriculus and the peritrophic membrane. 


As the epithelium of the mid-gut in Glossina shows some interesting 
analogies with that in the larva of Ptychoptera, so the origin of the peritrophic 
membrane makes a most interesting comparison with that in the larva of 
Chironomus. Vignon (1901) showed that in this larva the peritrophic membrane 
is produced as a fluid secretion in the proventriculus and that this fluid is 
obliged to pass through a “flattening mill” (/aminoir) composed of a rigid 
chitinous ring round the oesophageal valve internally and a chitinous thicken- 
ing of the mid-gut externally; the mill being actuated by a powerful circular 
muscle which surrounds the mid-gut at this point. 

It is interesting to note that in Glossina (and presumably the muscids 
generally) the principle is the same, but the mechanism of the “press” is 
simplified and its structure is far more robust. 

No definite evidence as to the function of the peritrophic membrane has 
been obtained, but the inconstancy of this membrane in the middle segment 
suggests that its main functions are exercised in the anterior segment. It is 
tough, although elastic, and it may relieve the anterior segment to some extent 
of the distending pressure of the enormous meals. Also, by filtering off the 
plasma from the corpuscles, it may facilitate the absorption of fluid. 


SUMMARY. 


The anatomy, histology and digestive enzymes of the mid-intestine of the 
tsetse-fly have been investigated, and an attempt has been made to determine 
the functions of the various parts and to observe the changes to which they are 
subject during the digestion of blood. 

Histologically the mid-gut of Glossina consists of three regions: 

(i) An anterior segment of small, pale-staining, irregularly columnar cells, 
which comprises about half the total length of the mid-gut. The zone of giant- 
cells containing bacteroids, which is very limited in extent, lies at about the 
middle of this region. 

(ii) A middle segment of large, deeply staining cells, heaped together in 
the resting state, which is separated abruptly from the anterior segment. 

(iii) A posterior segment, arising by gradual transition from the middle 
segment, composed of regular columnar cells. 
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After a meal the blood is concentrated by the removal of fluid in the anterior 
segment but it shows no other change in this region. The giant-cells are greatly 
flattened but they do not regularly discharge the bacteroids which they contain 
and there is no evidence that these organisms play any part in the digestion 
of blood. Their possible function has been discussed. 

During digestion the cells in the middle segment contain globules of 
secretion, and vacuolated buds of cytoplasm are set free and disintegrate in 
the lumen. The blood shows an abrupt change on reaching this region; it turns 
black where it is in contact with the epithelium and amorphous masses of 
altered blood pigment are deposited. 

In the posterior segment, the epithelial cells become greatly vacuolated 
later in digestion and are probably concerned chiefly in absorption. 

The distribution of digestive enzymes agrees with these histological obser- 
vations. The salivary glands and proventriculus contain no digestive enzymes, 
and the anterior and posterior segments of the mid-gut also are practically 
inactive. But the middle segment produces a very active tryptase which agrees 
in its pH-activity curve and other properties with the tryptase of the cockroach. 
A peptidase also is present but, except for a very weak amylase, enzymes 
acting upon carbohydrates are absent. The contents of the mid-gut are always 
slightly acid (about pH 6-5) and the tryptase present is well adapted to work 
at this reaction. 

These findings have been contrasted with those in a non-blood-sucking 
muscid (Calliphora). Here the salivary glands secrete an active amylase and 
the mid-gut is rich in amylase, invertase and maltase, whereas the proteolytic 
enzymes are extremely weak. 

Some observations have been made upon the tracheal supply to the walls 
of the gut. The epithelial cells of the middle segment have been shown to 
contain a very rich supply of intracellular tracheoles. These are usually 
difficult to make out in the resting cells but after a large meal the surface of 
the cells is ruptured and blood pigment enters the tracheoles and may extend 
to the sub-epithelial tracheoles and tracheae or even to quite large tracheal 
trunks. As the epithelial cells are flattened by the pressure of the meal, this 
pigment is set free in the lumen in the form of dark rods of haematin, which 
often bear a superficial resemblance to bacteria. The pigment in the deeper 
tubes appears to be slowly absorbed later. Intracellular tracheoles similar to 
these are present also in the mid-gut of Calliphora. 

The proventriculus in Glossina is a complex and has always been a puzzling 
structure. It has been shown that it acts as a sphincter between the fore-gut 
and mid-gut and that it is responsible for the production of the peritrophic 
membrane. This membrane, which is composed of chitin but contains a small 
quantity of protein, is secreted in the form of a fluid by the ring of large epithelial 
cells at the base of the proventriculus. The fluid is pressed and condensed to 
form a uniform membrane by being drawn through the cleft between the wall 
of the proventriculus and the funnel-shaped invagination of the fore-gut. 


n 

e 

e 

f 

r 

> 

, 


320 Digestion in the Tsetse-Fly 


The function of the peritrophic membrane has been discussed and it has 
been shown that it is freely permeable to digestive enzymes and to haemo- 
globin. 
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DESCRIPTION OF PLATE XIV. 


Fig. 1-3. Smears from giant-cell zone of Glossina submorsitans stained with Giemsa’s stain. 
Fig. 1 and fig. 3 show fragments of the giant cells with masses of bacteroids still within the 
cytoplasm. 

Fig. 4. Section of middle segment of mid-gut 6 hours after a large meal. The epithelium is almost 
entirely broken down. On the left is the altered blood in the lumen; on the right the fat body. 
Between these is a tangled mass of sub-epithelial tracheoles filled with altered blood pigment. 
A larger tracheole, also filled with this pigment, can be seen entering a small trachea. 

Fig. 5. Wall of mid-gut in G. palpalis stripped off from the mass of blood in the lumen several 
hours after a large meal, stained lightly with acid fuchsin and mounted flat. The small dark 
areas below and to the right are single epithelial cells. The sub-epithelial tracheoles are filled 
with altered blood pigment and are seen to anastomose freely. The pigment extends to quite 
large tracheae. 

Fig. 6. Same as fig. 5, but not stained. 

Fig. 7. A part of fig. 6 more highly magnified. 


(MS. received for publication, 24. v. 1929.—Ed.) 
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A HOLOSTOMID LARVA FROM THE PERICARDIAC 
CAVITY OF LEPIDOSIREN PARADOXA. 


By MARGARET W. JEPPS. 
Lecturer in Zoology, Glasgow University. 


(With 7 Text-figures.) 


SMALL trematodes were observed by Dr G. S. Carter and Mr L. C. Beadle in 
the pericardiac cavities of Lepidosiren paradoxa caught in the swamp at 
Makthlawaiya in the Gran Chaco, during the months January to June 1927. 
The infected Lepidosiren varied in length from 20 to 34 ins., and constituted 
almost one-half of all the fish collected during that period. Dr Carter tells 
me that the infected fish appeared to be in perfect condition. Specimens 
from fifteen fish were preserved, and have been examined. 

A fair number of the parasites, sometimes several score, have been pre- 
served from a single host. They lie free in the pericardiac cavity, no cyst 
being in evidence!. They are stages in the development of the post-cercarial 
larva of a holostomid trematode, the best developed being about -56—-6 mm. 
long when extended, and having the form and structure of the larval genus 
Diplostomum v. Nordm. I propose to call these larvae Diplostomum lepido- 
strenis, after their host. 

The larvae are depicted in the text-figures. Figs. 1 to 6 illustrate various 
states of extension, and Fig. 7 shows the structure, as far as it has been worked 
out, of a well-developed specimen. 

Diplostomum lepidosirenis has the dorso-ventrally flattened anterior 
portion of the body and the conical tail-like hinder portion characteristic of 
the genus. The flattened ventral surface bears the characteristic oral and 
ventral suckers, and the posterior adhesive organ. Except when the animal 
is extremely stretched, there are slight ear-like protuberances on either side 
of the oral sucker, placed rather towards the ventral surface. These are sup- 
plied with a large nerve from the cerebral commissure, as is usual in holo- 
stomid larvae; but there is no sign of an introvertible organ, such as occurs 
in Tetracotyle; and gland cells connected with the groove between them and 
the oral sucker are not obvious in the preserved specimens I have examined. 

There are no spines on the cuticle. 

The genital organs are represented simply by a group of cells within the 
root of the tail. They are only just beginning to take on a definite form in 
the most advanced worms (Fig. 7). 


1 The absence of a cyst was confirmed in a series of sections of a Lepidosiren collected in the 
same locality some years ago. This fish was found to have been infected, and the sections were 
lent me for study by Prof. J. Graham Kerr. No parasites were seen outside the pericardiac cavity 
in_these sections. 
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Of the life-cycle of Diplostomum lepidosirenis there is practically nothing 
to be said at present. Although I can find no record of any other holostomid 
larvae which come to rest in the pericardiac cavity of their host, it might 
perhaps be presumed, as a basis for further investigations, that the life-cycle 
is like that of morphologically similar forms (e.g. Szidat, 1924). If so, we should 
expect to find that the parasite enters Lepidosiren as a forked-tailed cercaria 
from (most probably) a water snail. I understand that Ampullaria is one of 
the favourite foods of Lepidosiren in the swamp at Makthlawaiya, an associa- 
tion which might prove of interest in this connection. The adult trematode 
(2 a species of Hemistomum) might be sought in the intestines of the large 
fish-eating birds of the region. 

Specimens of Diplostomum lepidosirenis are being sent to the British Museum. 


Int. 


Figs. 1-6. From camera lucida drawings of stained specimens. 
Figs. 1-5 in ventral, Fig. 6 in side view. 

Fig. 1. A well-extended specimen. 
Fig. 2. Showing ear-like protuberances beside the oral sucker. 
Figs. 3 and 4. Contracted specimens. 
Fig. 5. A young worm in which the posterior adhesive organ has not yet begun to appear. In 
slightly later stages cells begin to accumulate in the position of this organ and the “tail” grows out. 
Fig. 6. Side view, to show the flattened form of the body. 
Fig. 7. Drawn to larger scale. Diagram showing the structure of a well-developed worm from the 
ventral side. 

C.c., cerebral commissure; Ex.bl., excretory bladder; Ex.p., excretory pore; Ez.t., excretory 

tube; G., rudiment of genital organs; /nt., intestine; M., mouth, in oral sucker; P.a.0., pos- 

terior adhesive organ; Ph., pharynx; V.n., ventral nerve; V.s., ventral sucker. 
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THE ANATOMY AND HISTOLOGY OF PHYLLONELLA 
SOLEAE BEN. & HESSE, AN ECTOPARASITIC TREMA- 
TODE OF THE SOLE SOLEA VULGARIS QUENSEL. 


By PERCY A. LITTLE, B.Sc. 


Late Acting Professor of Natural History at the National University 
College of Ireland, Galway. 


(With Plates XV-XVII and 10 Text-figures.) 


CONTENTS. 

PAGE 

INTRODUCTION. 


DurinG trawling expeditions off the coast of Galway in 1926-1928 I examined 
100 specimens of Solea vulgaris Quensel, of varying sizes, and found about 
60 per cent. infected with the parasite herein described. Usually two to five 
parasites were found attached to an infected fish, but up to eight were dis- 
covered on a single host. 

The trematode secures attachment by its strong posterior sucker to the 
“white-side” of the sole; the body of the parasite is flat, hence it is found 
still firmly attached to sole removed from a trawl-net which has been dragging 
the sea-bed continuously for 2-4 hours, its pockets bulging with a writhing 
mass of heterogenous fish and crustaceans. 

The worms may live for many hours after removal from the host pro- 
vided there is a frequent change of sea-water and a cool temperature; in this 
respect it resembles T'rochopus gaillimhe Little (1929). 

Common sole caught in Cardigan Bay were examined by the author in 
1924 and 1925, and 57 per cent. were found to harbour this trematode. 


EXTERNAL APPEARANCE. 


In the living state the parasite appears flat, oval (Text-figs. 1 and 6), 
translucent, whitish with a pale lemon tinge, which turns a milky-white after 
death. 

Specimens in the collection measure 2-10-5-93 mm. x 1-05-2-90 mm. 
broad, having an average ratio of 2:1 or slightly less or more. The greatest 
breadth is in the region of the testes. 
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The anterior end (Text-fig. 5) is bluntly pointed, having a very slight 
concavity apically (c.’) which separates the pair of adhesive areas (l.a. and 
r.a.) which are confined mainly to its antero-lateral borders. The adhesive 
areas consist of mucous secreting glands, each area being under the muscular 
control of a large number of muscle fibre bundles (b.m.) which pass posteriorly, 
but definite anterior suckers are wanting. 

The posterior region of the body becomes bluntly rounded with a slight 
median concavity (Text-fig. 1) which marks the position of the peduncle in 
a partially contracted worm, but in an extended condition having the 
appearance figured in Text-fig. 6. 

Two pairs of “eyes” (Text-figs. 1 and 6 (e.)) are situated dorsally at the 
anterior end of the body, one pair behind the other. They are placed on 
either side of the medial line, the posterior and larger pair being situated 
close behind the anterior pair and slightly anterior to the ventrally placed 
mouth. The anterior pair are 0-14 mm. apart and 0-37 mm. from the anterior 
border of the body; the posterior pair are 0-26 mm. apart. This parasite is 
provided with a large posterior sucker of the form shown in Pl. XV, fig. 1, which 
represents the ventral surface. In a specimen 5-93 mm. long the posterior 
sucker was 1-54 mm. long and 1-40 mm. broad. There are two main rays 
(m.r.) originating close together and slightly anterior to the centre of the 
sucker; immediately diverging they proceed to the base of the first pair of 
hooks (a.) and from thence pass along the course of the second pair of hooks (6.), 
terminating posteriorly on the rim of the sucker; a transverse ray (t.7.) connects 
the two longitudinal rays at a point in line with the base of the first pair of 
hooks forming the letter “A.” A “horse-shoe” shaped prominence (h.r.) with 
outwardly-directed ridges is situated anteriorly and no doubt outlines the 
position of the line of attachment between the peduncle and the sucker, the 
heel-end of the “horse-shoe” being placed approximately parallel with the 
head of the “A.” The prominences just described are readily seen in an 
opaque specimen, but are more or less indistinguishable in a cleared in toto 
preparation. Around the periphery of the disc is a raised rim (r.) containing 
muscle fibres; attached to the outer side of the rim is a delicate transparent 
frill (f.) possessing radiating whitish-coloured striations; the frill assumes its 
greatest breadth of 0-23 mm. anteriorly (Text-fig. 10), gradually becoming 
narrower as it passes posteriorly, being entirely absent from that part of the 
rim extending between the claws of the second pair of hooks. 

The posterior sucker is provided with three pairs of hooks (Pl. XV, fig. 1 
(a., 6., c.’)), thus confirming the observations of Southern (1912). According 
to the statements of van Beneden and Hesse (1864), Cunningham (1890) and 
Thomas Scott (1901) there are only two pairs of hooks present in the posterior 
sucker of Phyllonella soleae, but I am inclined to suspect that the third pair (c.’) 
were overlooked owing to their minute size as compared with the other two 
pairs (a. and 6.). 

The first pair of hooks (P1. XV, figs. 1 and 2 (a.)) are situated at the junction 
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of the transverse and posterior longitudinal rays and directed inwardly. They 
are stoutish and measure 0-28 mm. long of which more than half is imbedded 
in tissue terminating in a bifid condylar process (b.c.), the exposed apical 
region forming a greatly recurved claw (cl.). 

The second pair of hooks (Pl. XV, fig. 1 (b.) and Text-fig. 3) is the longest 
of the three pairs, measuring 0-65 mm. long; they are situated in the region 
of the longitudinal rays commencing in a line approximately midway along 
the length of the first pair of hooks, and they extend to the posterior border of 
the sucker terminating by an exposed, sharply recurved claw (c.) which points 
latero-ventrally; the whole length of its shaft (s.) is imbedded in tissue. In 
transverse section (Text-fig. 3 a) the second pair of hooks appear to consist 
of “dentine” (d.) which becomes capped with “enamel” (e.) of gradually 
increasing thickness distally, the point of the claw consisting of little else. 

The third pair of hooks (Pl. XV, fig. 1 (c.’)) also (Pl. XVII, fig. 10) are the 
smallest, measuring 0-121 mm. long; they are situated outside and close to 
the exposed claws of the second pair of hooks. They consist of two distinct 
regions: (a) a flat portion, imbedded, resembling a lepidopterous scale in 
outline and (b) an exposed extremely minute recurved hook. According to 
the illustrations of von Linstow (1904) of an ectoparasitic trematode, which 
he referred to Epibdella producta n.sp. found on the common sole, the third 
pair of hooks possesses two long slender rod-like shafts apiece. These are 
absent in Phyllonella soleae as clearly indicated by serial transverse sections 
(Text-figs. 9 a, B, c (c.)). Within the tissues of the central region of the pos- 
terior sucker are a number of very large cells of irregular shape (Text-fig. 4) 
with long straggling processes closely associated with the muscle fibres which 
abound in this region. 


INTERNAL ANATOMY. 


The alimentary system (Text-fig. 1) is very diffuse, extending from the 
anterior to the posterior border of the body. The mouth (m.) is situated 
ventrally 0-40 mm. from the anterior border of the body. It consists of a 
wide transverse crescentic slit bordered by two prominent lips which are 
protected by a dome-shaped sheath (s.) closely resembling T'rochopus gaillimhe 
Little (1929) and possessing an oval aperture apically (a.s.). The mouth opens 
into a capacious pharynx (p.) measuring 0-70 mm. broad, along all sides of 
which are arranged large multicellular papillae (pa.) projecting into the 
pharyngeal cavity. The apices of the papillae are considerably distended with 
a finely granular secretory substance. Numerous peripheral muscle fibres 
traverse the basal zone of the papillae, while beyond are numerous radially 
directed muscle fibres. The pharynx appears to pass immediately into the 
intestine which bifurcates to form two short branches which pass transversely 
a short distance right and left. Each transverse branch gives rise to a con- 
spicuous diverticulum (7.d. and l.d.) which extends to the posterior region of 
the body where fusion takes place forming a continuous communication. Short 


Es 
> 
‘ 
¥ 
4 


329 


P. A. 


a. 


t 
n é. 
oe 
f 
8. 
qi 
\ 
PEL. 
/ 
| 


330 Ectoparasitic Trematode of Sole 


anterior diverticula are absent in the specimen figured unless they are repre- 
sented by what appear to be the first caecum of either side due to contraction. 
Both right and left diverticula give rise to numerous transversely directed 
dichotomously branched caeca (ca.); anterior to the ovary these pass out- 
wards to the lateral regions only, while posteriorly they pass transversely 
medially and laterally except in the region of the testes, whose large size 
prevents the caeca passing inward. Large amoeboid cells (Pl. XV, fig. 3) with 
large nuclei and prominent pseudopodia (p.) line the lumen of the diverticula 
and caeca. 

The excretory system (Text-fig. 6). The main excretory ducts are more 
readily seen in either the living or the dead opaque specimens than in cleared 
in toto preparations. They consist of two longitudinal ducts (r.e. and l.e.) 
originating in the region of the most anteriorly placed vitelline follicles and 
terminating in the posterior sucker at the point of union with the peduncle. 
Anteriorly the two main ducts are exceedingly large (h.) occasionally being 
slightly bifurcated; gradually diminishing in diameter they pass posteriorly, 
closely following the course and remaining external to the diverticula. The 
two main ducts are lined with a thin layer of cuticle. 

Reproductive system (Pl. XVI, fig. 5). A genital opening (g.0.) serving for 
the common exit of the cirrus and the eggs is situated submarginally im- 
mediately posterior to the left anterior adhesive area. The vaginal orifice (v.0.) 
is placed on the ventral surface in line with the ootype, a third of the body- 
width from the left side. 

Male system. The testes (r.t., l.t.) are a pair of oval organs of practically 
the same size, measuring 0-53 x 0-37 x 0-21 mm. in a specimen 5-93 mm. 
long. The inner surfaces of the testes are almost in contact, the organs running 
parallel. They lie immediately within the posterior half of the body, one on 
either side of the medial line. The two vasa deferentia arise from the dorsal 
surface of the testes anteriorly and immediately descend to the ventral region 
of the body, passing a short distance forward to fuse, forming the common 
vas deferens. The vas deferens (v.d.) measures 0-026 mm. in diameter and is 
packed with sperm; it passes anteriorly remaining close to the left side of 
the ovary and vitelline reservoir, then turns to the right, keeping close to 
the anterior border of the vitelline reservoir, enlarging to form the vesicula 
seminalis. The vesicula seminalis (v.s.) is a capacious sac measuring 0-040 mm. 
in diameter; pursuing a tortuous course it passes obliquely right and then 
left as figured, remaining close to the left side of the ootype; it is densely 
packed with sperm throughout. It then passes into the narrow pars prostatica. 
The pars prostatica (p.p.) measures 0-030 mm. in diameter; it appears to be 
an intracellular duct (Pl. XVII, fig. 13, Text-fig. 2) possessing thick walls with 
conspicuous nuclei (”.); it twists upon ‘itself to form the letter Z, the ventral 
arm turns right passing across the metraterm dorsally, penetrating the dorsal 
wall of the hindermost end of the cirrus within which it is continued as the 
ductus ejaculatorius. The ductus ejaculatorius (Pl. XVI, fig. 5 (d.e.)) passes 
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forward for approximately half the length of the cirrus to enter the dorsal 
surface of a large ventrally placed duct attached to the accessory sac (Pl. XV, 
fig. 4 (d.a.)). The ductus ejaculatorius (Pl. XVI, fig. 8) is a thick-walled duct 
measuring 0-032 mm. in diameter and surrounded by peripherally arranged 
muscle fibres (c.m.). The cirrus (Pl. XVI, fig. 5 (c.)) originates at a point a little 
posterior to the pharynx and approximately medially ; it runs forward, passing 
obliquely to the left of the body, parallel with the right side of the metraterm, 
finally joining the metraterm laterally within approximately its last quarter of 
the length. The cirrus is circular in cross-section measuring 0-21 mm. basally, 
gradually tapering anteriorly. In the extended condition it measures 1-05 mm. 
long in a specimen 5-93 mm. long. Its proximal half is attached to the sur- 
rounding tissues (Pl. XV, fig. 4), its distal half is free and enclosed in a distinct 
sheath (c.s.). Traversing the proximal half of the cirrus are two ducts of 
unequal size: (a) a small duct, the ductus ejaculatorius (d.e.), (6) a large duct 
(d.a.) which is connected to the accessory sac (a.s.). Within the distal half 
the two ducts merge forming a common single duct (c.d.) which, gradually 
approaching the outer side of the cirrus, becomes crescentic in outline, ter- 
minating a little behind the apex of the cirrus. The protrusible cirrus is very 
contractile which is probably due to the highly developed system of circular 
and longitudinal muscle fibres (c.m., l.m.) arranged along the periphery of both 
cirrus and cirrus sheath. The accessory sac (Pl. XV, fig. 4, Pl. XVI, fig. 5 (a.s.)) 
is large and oval in outline, measuring 0-25 x 0-18 x 0-23 mm., its anterior 
margin touching the base of the cirrus. Its posterior margin is approximately 
parallel with the middle of the ootype. It is an organ subject to considerable 
variation in size. It is situated on the medial line, lying obliquely to the left 
practically on a line continuous with the axis of the cirrus, its left side pressing 
against the ootype. Within the cavity of the accessory sac (Text-fig. 7) is a 
parenchymatous hub-like structure (h.) from which cuticularised spoke-like 
rods (r.) radiate in all directions. The distal ends of the anteriorly directed rods 
are connected to the base of the cirrus (Pl. XV, fig. 4 (r.’)) the distal ends of 
the remaining rods securing attachment to the walls of the accessory sac. 
Its lumen is lined with cuticle (Text-fig. 7 (c.)) and contains much granular 
material (g.). The granules appear to be the secretory product of large cells 
extending over an extensive area on either side of the ootype, particularly 
on its left side. Afferent ducts (Pl. XVI, fig. 5, Text-fig. 7 (a.d.)) convey the 
granular substance to the accessory sac; these ducts pass forward, running 
alongside right and left of the ootype; gradually converging, they turn right, 
slightly posterior to the pars prostatica, passing backward along the dorsal 
surface of the accessory sac, finally entering its dorsal surface. The amterior 
end of the accessory sac is connected to the base of the cirrus by a short duct; 
this duct suddenly enlarges basally, gradually diminishing apically ; it traverses 
the whole length of the cirrus, receiving the ductus ejaculatorius approximately 
at the point where the cirrus becomes free from the surrounding tissues. 
Female system (Pl. XVI, fig. 5). The ovary (0.) is oval, measuring 0-28 x 0-37 
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x 0-28 mm., its longest axis lying transversely; it is situated immediately 
within the posterior part of the anterior half of the body, a short distance in 


Imm 


front of the testes and in the region of the medial line, its anterior border 
being pressed against the hind region of the vitelline reservoir which lies 
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slightly to the left. The oviduct (od.) arises from the anterior surface of the 
ovary, immediately receiving the unpaired common vitelline duct (c.v.), both 
ducts having a ciliated appearance. Descending abruptly from the dorsal 
regions of the body the oviduct receives a short ciliated duct from each of the 
two—occasionally three—spherical sacs containing sperm; these may be re- 
garded as receptacula semina (r.s.), they vary from 0-075-0-147 mm. in 
diameter, one lying ventral and slightly anterior to the other. The oviduct 
then passes forward as a non-ciliated duct along a tortuous course for a 
distance of 0-23 mm. where it is joined by the numerous ducts of the shell- 
gland (s.g.), after which the oviducal walls become thicker and convoluted 
(Pl. XVI, figs. 6 and 7) due to the action of longitudinal muscle fibres (.m.) 
now accompanying it. In in toto preparations this region of the oviduct presents 
the appearance of a duct containing a number of annular thickenings (PI. XVI, 
fig. 5). It joins the ootype, entering its postero-ventral surface on the right 
side. The ootype (o.’) is oval in outline with a maximum width of 0-189 mm. 
in a distended condition and 0-110 mm. contracted; its lumen is approximately 
triangular in outline, bordered by a glandular tissue which is thin in an ootype 
occupied and distended by an egg, and thick in an unoccupied one. The ootype 
(Pl. XVII, fig. 9) is surrounded by numerous large thin-walled parenchymatous 
cells which do not readily stain. The function of the specialised parenchy- 
matous tissue of this area is no doubt associated with the changing size of the 
ootype due to the presence or absence of the egg. At its anterior end (Pl. XVI, 
fig. 5) the ootype passes into the metraterm which has a length of 1-00 mm. 
in a specimen 5-93 mm. long. The metraterm (m.) passes obliquely to the left, 
remaining parallel with the cirrus which is situated immediately on its right, 
joining the cirrus sac 0-21 mm. from the anterior common genital opening. 
The metraterm (Pl. XVII, fig. 12) is a wide thin-walled duct surrounded by 
parenchyma. 

The mature eggs (Pl. XVI, fig. 5 (e.)) are pyramidical in outline with the 
apex directed posteriorly and prolonged into a slender twisted nodulated 
filament approximately 0-44 mm. long. The eggs are large, measuring 0-143 mm. 
broad and 0-143 mm. long, possessing a dark yellow shell. Not more than 
two mature eggs have been observed in any one individual, situated respec- 
tively in the ootype and the metraterm, but more usually only one egg is 
present in an individual. The vaginal opening (Pl. XVI, fig. 5 (v.o.), Text-fig. 8 
(v.0.)) is situated ventrally and in a line with the ootype, one-third the body- 
width from the left side. The vagina (v.), at first narrow, soon enlarges to form 
a spherical receptaculum seminis (r.s.) measuring 0-079 mm. in diameter, 
which in some specimens contains sperm (s.); the receptaculum seminis then 


narrows gradually to form a progressively narrowing duct which twists and ~ 


turns in a confusing manner as it passes obliquely backward and inward 
terminating apparently blindly near the anterior border of the vitelline re- 
servoir, not a trace being seen of a connection with either the vitelline reservoir 
or the receptacula semina situated on the oviduct. The appearance of this 
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organ conveyed the impression of an originally functional structure which 
at the time of examination was in a state of atrophy, but whether er 
or ontogenetic the writer was unable to ascertain. 

The vitelline glands (Text-fig. 6) consist of numerous follicles, circular to 
oval in outline (0-045-0-068 x 0-030-0-064 x 0-053-0-064 mm.), lying dorsally 
and ventrally to the intestinal caeca and diverticula. They are very volu- 
minous, originating slightly anterior to the head of the longitudinal excretory 
canals, those of the right side being generally the more anteriorly placed, 
extending to the hinder region of the body close to its attachment to the 
peduncle. Their distribution and associated vitelline ducts are clearly indicated 
in Text-fig. 6. The vitelline reservoir (v.r.) is roughly oval in outline and of 
variable size (0-143 x 0-253 x 0-275 mm.), lying immediately in front of the 
ovary to the left of the medial line. The two transverse vitelline ducts join 
the vitelline reservoir entering its postero-ventral surface on either side. 
A common unpaired vitelline duct (Pl. XVI, fig. 5 (c.v.)) emerges from the dorsal 
surface of the vitelline reservoir on the right side, joining the oviduct close 
to its union with the ovary. 

The musculature. The muscles of the cirrus and associated parts (Pl. XV, 
fig. 4) have been dealt with. likewise those of the oviduct (Pl. XVI, figs. 6 and 7). 
A dozen or more groups of muscle fibres emerge respectively from right and 
left anterior adhesive areas (Text-fig. 5 (b.m.)) and pass posteriorly, becoming 
lost among the body tissues. Within the posterior region of the body is a con- 


siderable concentration of muscle fibres, groups of them passing along the 
peduncle to be distributed within the posterior sucker. The body wall is 
approximately twice as thick dorsally as ventrally, it is supplied with 
an outer layer of circular muscle fibres and an inner zone of longitudinal 
muscle fibres, the latter being grouped, forming bundles of two, three and 
four fibres apiece. 


DIAGNosTIC CHARACTERS AND SYSTEMATIC POSITION. 


Body. Milky-white with faint lemon tinge in the living condition, 2-00- 
6-00 mm. long, oval, flat. 

Anterior end. Two adhesive areas consisting of a delicate frill provided 
with numerous mucous secretory cells arranged especially along antero-lateral 
margin, replacing definite circular or oval anterior suckers with distinct rim. 

Posterior sucker. One-third, or slightly less, the length of body; delicate, 
marginal, striated frill; two main rays; connected by a transverse ray; a 
“horse-shoe” shaped prominence situated anterior to point of origin of two 
main rays; three pairs of hooks; first and second pair situated on rays, third 
pair situated close to and outside distal end of second pair of hooks. 

Genital openings. Two, (a) a common genital opening situated close behind 
left anterior adhesive area, ventral surface, submarginal; (6) a vaginal opening 
situated in line with ootype, one-third body-width from left side. 


Se 
& 
¢ 
1 
Luo, 


P. A. LITTLE 335 


Alimentary canal. Large pharynx, diffuse system, left and right longi- 
tudinal diverticula fusing posteriorly. 

Testes. Two, oval, situated midway along body-length or immediately 
within its posterior half, one on either side of the medial line. 

Vesicula seminalis. Capacious, pursuing a tortuous course. 

Cirrus. Protrusible, long, extending from near the hinder end of pharynx 
to anterior common genital opening. 

Vagina. Occasionally opening into a spherical receptaculum seminis, 
followed by a convoluted duct of gradually decreasing diameter, apparently 
terminating blindly. 

Ovary. Oval, situated on medial line, immediately within anterior half of 
body-length and slightly anterior to testes. 

Oviduct. Provided with either two or three receptacula semina, situated 
close to its union with ovary. 

Accessory sac. Variable size, oval, connected with afferent ducts; intimately 
connected with the emission of sperm. 

Vitelline glands. Voluminous, scattered all over body. 

Systematic position. Phyllonella soleae is the Epibdella soleae of P. J. van 
Beneden and Hesse (1864), Monticelli (1890), Nicoll (1915) and Little (1928). 

The genus Phyllonella (= leaf) was created by van Beneden and Hesse 
(1864); it is distinguished from Epibdella Blainville (1828) by the absence of 
definite oval or circular anterior suckers with distinct borders, being replaced 
by a membranous projecting portion of the body in which are imbedded 
numerous mucous secretory cells. 
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EXPLANATION OF PLATES XV—XVII. 
PLATE XV. 


Phyllonella soleae. 
Ventral aspect of posterior sucker. 
2. Ventral view of the left hook of the lst pair. 
. Digestive caecum in cross-section. 
. Cirrus and associated ducts in a somewhat oblique longitudinal section. 


PLATE XVI. 


Phyllonella soleae. 
. Schematic view of reproductive system. Dorsal aspect. 
3. Longitudinal section of oviduct in region of the ootype. 
. Transverse section of oviduct taken in the same region as Fig. 6. 
. Ductus ejaculatorius in cross-section. 


PLATE XVII. 


Phyllonella soleae. 
. 9. Ootype and associated parenchymatous tissue in cross-section. 
. 10. Dorsal aspect of right hook of the 3rd pair. 
. 11. The left longitudinal nerve cord in cross-section. 
ig. 12. Metraterm in cross-section. 
. 13. Pars prostatica in cross-section. 


KEY TO LETTERING OF PLATES. 


a. Ist pair of hooks; a.d. afferent duct of accessory sac; a.s. accessory sac; 6. 2nd pair of 
hooks; b.c. bifid condyle; c. cirrus; c.’ 3rd pair of hooks; c.d. common duct; cl. claw; c.m. circular 
muscle fibres; c.s. cirrus sheath; c.v. common unpaired vitelline duct; d.a. duct from accessory sac; 
d.e. ductus ejaculatorius; e. egg; f. frill; g.o. genital opening; h.r. “‘horse-shoe” shaped ridge; 
1. lumen of diverticulum; /.m. longitudinal muscle fibres; 1.t. left testis; m. metraterm; m.r. main 
ray; n. nucleus; 0. ovary; 0.’ ootype; od. oviduct; p. pseudopodium; p.p. pars prostatica; r. rim; 
r.’ cuticularised rod; r.s. receptaculum seminis; r.t. right testis; s. sperm; s.g. shell gland; t.r. trans- 
verse ray; v.d. vas deferens; v.o. vaginal orifice; v.r. vitelline reservoir; v.s. vesicula seminalis. 


KEY TO LETTERING OF TEXT-FIGURES. 


Text-fig. 1. Phyllonella soleae. Contracted condition in dorsal view. 

a. 1st pair of hooks; a.g.o. anterior genital opening; a.s. aperture of sheath; b. 2nd pair of 
hooks; c. 3rd pair of hooks; ca. dichotomously branched caecum; e. “eyes”; l.a. left anterior 
adhesive area; l.d. left posterior diverticulum; J.t. left testis; m. mouth; 0. ovary; p. pharynx; 
pa. multicellular papilla; p.s. posterior sucker; r.a. right anterior adhesive area; r.d. right posterior 
diverticulum; s. sheath covering mouth; r.t. right testis; v. vaginal opening; v.r. vitelline reservoir. 
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Text-figs. 2-5. Phyllonella soleae. 

Text-fig. 2. Pars prostatica in longitudinal section. 
Text-fig. 3. Ventral view of left hook of the 2nd pair. 
Text-fig. 3 a. Transverse section of left hook of the 2nd pair. 
Text-fig. 4. Surface view of gigantic cells located in the posterior sucker. 
Text-fig. 5. Dorsal view of the anterior adhesive areas. 

a.g.o. anterior genital opening; b.m. bundles of longitudinal muscle fibres; c. claw; c.’ anterior 
concavity; d. “dentine”; e. “enamel”; l.a. left anterior adhesive area; n. nucleus; r.a. right 
anterior adhesive area; s. shaft; sp. sperm. 


Text-fig. 6. Phyllonella soleae. Extended condition in dorsal view. 
Excretory system and vitelline system. 

a.g.o. anterior genital opening; e. “eyes”; h. head of longitudinal excretory duct; la. left 
anterior adhesive area; l.e. left longitudinal excretory duct; lt. left testis; lv.’ left anterior 
vitelline duct; l.v.’”” left posterior vitelline duct; 0. ovary; p. peduncle; p.s. posterior sucker; 
r.a. right anterior adhesive area; r.e. right longitudinal excretory duct; r.t. right testis; r.v.’ right 
anterior vitelline duct; r.v.” right posterior vitelline duct; v. vitellaria; v.r. vitelline reservoir. 


Text-figs. 7, 8. Phyllonella soleae. 
Text-fig. 7. Section through accessory sac. Anterior view. 
Text-fig. 8. Transverse section of body in region of vagina. Posterior aspect. 

a.d. afferent duct of accessory sac; c. cuticle;.e. epidermis; g. granular substance; h. parenchy- 
matous “hub-like” structure; l.d. left diverticulum; J.e. left longitudinal excretory duct; /.n.c. left 
longitudinal nerve cord; n. nucleus; r. cuticularised “rod-like” structure; r.s. receptaculum 
seminis; s. sperm; v. vagina; v.o. vaginal orifice. 


Text-figs. 9 a, 9B, 9c, 10. Phyllonella soleae. 
Text-fig. 9 A. Transverse section through posterior sucker in region of Ist pair of hooks. 
Text-fig. 9B. Transverse section through posterior sucker at a point approaching the distal end 
of 2nd pair of hooks. 
Text-fig. 9c. Transverse section through posterior sucker in region of 3rd pair of hooks. 
Text-fig. 10. Median longitudinal section through posterior sucker. 
(All drawn to same scale.) 


a, basal part of Ist pair of hooks; an. anterior edge of sucker; b. shaft of 2nd pair of hooks; 
c. base of 3rd pair of hooks; f. frill; p. posterior edge of sucker; pe. peduncle; r. muscular rim. 


(MS. received for publication 17. v. 1929.—Ed.) 
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